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Before the
FEDERAL COMMUNICATIONS COMMISSION
Washington, DC 20554
In the Matter of

Regarding the Operation of Outdoor U-NII-1

)
)
Globalstar, Inc. Petition for Notice of Inquiry ) ET Docket No. 18-
)
Devices in the 5 GHz Band )

PETITION FOR NOTICE OF INQUIRY
l. Introduction and Summary

Having recently measured a dramatic rise in the 5.1 GHz noise level, Globalstar, Inc.
(“Globalstar”) petitions the Federal Communications Commission (“Commission”) to issue a
Notice of Inquiry regarding the viability of continued spectrum sharing between its licensed
Mobile Satellite Services (“MSS”) and outdoor Unlicensed National Information Infrastructure
(“U-NI1") devices operating in the 5150-5250 MHz “U-NI11-1" band.!

In 2014, the Commission modified its rules to allow the operation of U-NII-1 access
points outdoors and at higher power levels than previously permitted.? In doing so, the
Commission explicitly understood that “Globalstar’s licensed mobile satellite service is
protected against harmful interference from unlicensed operations.”® Indeed, NCTA — The

Internet & Television Association (“NCTA”) then recognized that it is a “fundamental principle

! Revision of Part 15 of the Commission’s Rules to Permit Unlicensed National

Information Infrastructure (U-NII) Devices in the 5 GHz Band, First Report and Order, 29 FCC
Rcd 4127, 1 46 (2014) (*2014 5 GHz Order™).

2 Id. 7 37.
3 Id. 9 46.



that unlicensed devices must not cause harmful interference to Globalstar.”* The Commission
further acknowledged Globalstar’s technical ability to measure the noise level at its satellite
antennas and stated that “should harmful interference to [Globalstar’s] licensed services in this
band occur,” “corrective action” will be required.® The Commission also expressed its
expectation that parties would notify it regarding any significant development in this band.
With this filing, Globalstar formally does so here.

Every Globalstar satellite “hears” all transmissions in the 5096-5250 MHz band across a
constantly moving 7,800 kilometer-wide area on the Earth’s surface. Aggregate emissions from
U-NII-1 access points within this area radiate in the direction of Globalstar’s satellites, increasing

the noise level in its “feeder uplink”®

and in turn degrading Globalstar’s downlink service to end
users. After two plus years of deployments, Globalstar is already experiencing a detrimental
impact from outdoor U-NII-1 operations, having confirmed a 2 dB increase in the 5.1 GHz noise
level since May 2014, and it will suffer severe harmful interference in the future if the current
U-N1I-1 “sharing” regime is left unchanged.’

The Commission’s failure now to take “corrective action” will lead to harmful

interference to Globalstar operations not only within the United States, but also in numerous

4 Letter from Rick Chessen, National Cable & Telecommunications Association, to Julius

Knapp, Chief, OET, FCC, ET Docket No. 13-49, at 3 (Jan. 22, 2014) (“NCTA January 22, 2014
Ex Parte”).

5 2014 5 GHz Order 11 38, 46.

6 Globalstar’s feeder uplinks from its gateway earth stations carry the “forward” traffic

from parties communicating with Globalstar MSS handsets from the public switched telephone
network, cellular or other wireless networks, or the Internet, depending on the nature of the MSS
customer’s call and connection.

! During the prior proceeding, NCTA claimed that “the total additional noise in

Globalstar’s uplink signal as a result of outdoor, 1 Watt unlicensed operations [would be]
approximately 1 dB, even at peak interference levels.” NCTA January 22, 2014 Ex Parte at
9-10. As described herein, Globalstar’s satellites are already measuring a noise increase that is
double NCTA’s predicted maximum noise rise.



other North and South American countries, all in violation of the Commission’s obligations
under the treaty-level ITU Radio Regulation, Resolution 229.% Rather than wait until future
service disruptions endanger the lives of Globalstar’s MSS subscribers and others, the
Commission should undertake “corrective action” by expeditiously adopting a Notice of Inquiry
seeking public comment on these interference and coexistence issues. °

Globalstar reserves the right to petition the Commission for immediate regulatory relief
from the harmful effects of unlicensed operations if the noise rise continues on its current course
and the detrimental impact becomes severe.
1. Globalstar’s Global MSS Network

Globalstar’s Satellite Business. In 2013, Globalstar completed the launch of a $1 billion,
second-generation non-geostationary (“NGSQO”) satellite constellation, and it continues to invest
in ground infrastructure upgrades and an expanded line of enterprise, consumer, and government
products. Globalstar is dedicated to providing state-of-the-art, mission-critical, and safety-of-life

services to over 700,000 consumers, businesses, and governmental and public safety users in

8 See Resolution 229, Volume 3, Radio Regulations — Resolutions and Recommendations

at 187, Radiocommunication Sector — International Telecommunication Union (Geneva 2012),
http://search.itu.int/history/HistoryDigitalCollectionDocLibrary/1.41.48.en.103.pdf (“ITU
Resolution 229”). The noise rise in Globalstar’s uplink spectrum will cause MSS subscriber
capacity reductions and degradation of service in the following countries in North America,
Central America, South America, and the Caribbean: Antigua and Barbuda, Aruba, Bahamas,
Barbados, Belize, Bermuda, Bolivia, Brazil, Canada, Cayman Islands, Colombia, Costa Rica,
Cuba, Curacao, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada, Guadeloupe,
Guatemala, Guyana, Haiti, Honduras, Jamaica, Martinique, Mexico, Montserrat, Netherlands
Antilles, Nicaragua, Panama, Peru, Puerto Rico, Saint Eustatius, Saint Kitts and Nevis, Saint
Lucia, Saint Vincent, Suriname, Trinidad and Tobago, United States, and VVenezuela.

’ In numerous other circumstances, the Commission has released an NOI to develop a

robust record before adopting specific rulemaking proposals. See, e.g., Location-Based
Routing for Wireless 911 Calls, PS Docket No. 18-64, Notice of Inquiry, FCC 18-32, 1 5 (rel.
Mar. 23, 2018); Expanding Flexible Use in Mid-Band Spectrum Between 3.7 and 24 GHz,
Notice of Inquiry, 32 FCC Rcd 6373, 1 7 (2017); Revitalization of the AM Radio Service, First
Report and Order, Further Notice of Proposed Rulemaking, and Notice of Inquiry, 30 FCC Rcd
12145, 1 81 (2015).


http://www.itu.int/dms_pub/itu-s/oth/02/02/S02020000244503PDFE.pdf

over 120 countries around the world, including remote, unserved, and underserved areas not
reached by terrestrial deployments. Globalstar’s MSS network provides critical back-up
capabilities for public safety personnel during disasters, when terrestrial networks can be
rendered inoperable. Public safety entities involved in relief efforts in North America and
around the world have relied on Globalstar’s satellite services after earthquakes, hurricanes, and
other disasters.

Over the past decade, Globalstar has focused on the development of affordable, consumer-
oriented devices and services that have significant public safety benefits. This “SPOT” family of
MSS devices is responsible for initiating almost 6,000 rescues around the world since the 2007
introduction of this product. Globalstar’s subscribers transmitted more than 1.3 billion SPOT and
other simplex messages last year, and that figure continues to grow at a significant rate year over
year. The map below shows the location and volume of SPOT messages sent around the world

during one day in September 2017.

SPOT Daily Usage Map — September 2017




With the launch of its second-generation constellation, Globalstar’s network now carries
increasing duplex (two-way) voice and data traffic. To support its global two-way messaging
services, Globalstar has developed an innovative “half-duplex” communications platform that it
is currently deploying at its gateway earth stations around the world. As a result of this
deployment, all of Globalstar’s future products, including the recently introduced “Sat-Fi2” and
“SPOT-X” products, will include duplex functionality, relying heavily upon both Globalstar’s
licensed feeder uplink spectrum at 5 GHz and its licensed 2.4 GHz downlink frequencies.

Globalstar’s Gateway Earth Station Infrastructure. Globalstar’s satellites currently
communicate with 23 gateway earth stations around the world, each serving an area of
approximately 700,000 to 1,000,000 square miles. In the United States and its territories,
Globalstar currently operates gateway earth stations in Clifton, Texas; Sebring, Florida; Wasilla,
Alaska; and Barrio of Las Palmas, Cabo Rojo, Puerto Rico.

Globalstar is authorized for feeder uplink transmissions from its gateway earth stations to its
space stations at 5096-5250 MHz and for feeder downlink transmissions between its satellites and its
gateway facilities in the 6875-7055 MHz band. Each Globalstar satellite has a feeder uplink antenna
that “hears” all transmissions at 5096-5250 MHz — including U-NI1-1 Wi-Fi transmissions at 5170-
5250 MHz — within the 7,800 km diameter feeder link coverage area. Globalstar’s satellites then
translate, amplify, and downlink this traffic to its MSS customers at 2483.5-2500 MHz.

Unfortunately, under the 2014 “sharing” framework, aggregate U-NII-1 interference is
beginning to diminish Globalstar’s MSS subscriber capacity, drain its satellite power, create gaps
in its MSS signal coverage, and degrade its service quality in the United States, adjacent areas of

Canada and Mexico, Caribbean nations, and Central and South American countries.



I11.  The Development of the U-NII-1 Band at 5150-5250 MHz and the Commission’s
2014 5 GHz Order

The 1995 World Radiocommunication Conference (“WRC-95") allocated the 5091-
5250 MHz band to NGSO MSS feeder uplinks and the 6700-7075 MHz band to NGSO MSS
feeder downlinks.®® In November 1996, the Commission authorized Globalstar to operate its
feeder uplinks at 5096-5250 MHz and its feeder downlinks at 6875-7055 MHz.**

The following year, the Commission adopted rules making much of this 5.1 GHz band
available for use by U-NII-1 devices at 5150-5250 MHz.** To protect NGSO MSS feeder links
from harmful aggregate interference, the Commission restricted these devices to indoor
operations and limited those devices to 50 mW peak output power with up to 6 dBi antenna
gain. The Commission stated that “this power limit, along with the restriction on outdoor
operations, will provide the desired balance of providing sufficient power for U-NII devices in
this band, high frequency reuse, great flexibility in the types of U-NII operations that are
accommodated in this band, and protection of co-channel MSS operations.”*?

Globalstar began MSS operations in 2000. For years, Globalstar shared the 5.1 GHz

band with unlicensed indoor U-NII-1 devices, representing a fair balance between protecting

Globalstar’s MSS operations and promoting the development of unlicensed services. In 2013,

1o FINAL ACTS of World Radiocommunication Conference 1995 Geneva, at 165-168,
ITU, Geneva (1996), http://search.itu.int/history/HistoryDigitalCollectionDocL.ibrary/
4.124.43.en.100.pdf.

1 L/Q Licensee, Inc., Application for Modification of License to Construct, Launch, and

Operate Low-Earth-Orbit Satellites and Request for Waiver of Table of Allocations, Order and
Authorization, 11 FCC Rcd 16410 (IB-OET 1996).

12 Amendment of the Commission’s Rules to Provide for Operation of Unlicensed NII

Devices in the 5 GHz Frequency Range, Report and Order, 12 FCC Rcd 1576 (1997) (1997

U-NII Order”).

13 Id. ] 44. These U-NII-1 operational and technical rules were virtually the same as those

adopted by the ITU in 2003. See ITU Resolution 229.
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however, just as Globalstar was completing the launch of its second-generation satellite
constellation, the Commission released a Notice of Proposed Rulemaking recommending the
elimination of the prohibition on outdoor U-NII-1 operations and an increase in the U-NII-1
power limit to levels permitted in other U-NI11 bands.™

Globalstar opposed these revisions and submitted technical analyses from Roberson and
Associates, LLC (“Roberson”), which predicted that outdoor U-NII-1 access point transmissions
would cause harmful interference to Globalstar’s MSS operations throughout North America.*®
As the proceeding moved forward, however, Globalstar worked cooperatively with the
Commission’s Office of Engineering and Technology (“OET”) and industry supporters of the
U-NII-1 rule changes — primarily, representatives of NCTA — in an attempt to reach a mutually
agreeable solution. In March 2014, Globalstar publicly indicated that it would no longer oppose
relaxation of the U-NII-1 technical rules as long as the Commission incorporated certain
safeguards into its new framework. Specifically, Globalstar requested that the Commission adopt
an antenna downtilt standard limiting outdoor U-NII-1 access points’ vertical radiation, as well as
a requirement that U-N1I-1 operators (i) notify the Commission if they planned to deploy a
substantial number of outdoor U-NII-1 access points and (ii) provide the basic technical

parameters for those outdoor access points.*® In addition, Globalstar asked the Commission to

14 Revision of Part 15 of the Commission’s Rules to Permit Unlicensed National

Information Infrastructure (U-NII) Devices in the 5 GHz Band, Notice of Proposed Rulemaking,
28 FCC Rcd 1769, 1 40 (2013).

15 See Impact of Proposed U-NII-1 Rule Changes on Globalstar, attached to Letter from

Regina M. Keeney, Counsel to Globalstar, to Marlene H. Dortch, FCC Secretary, ET Docket No.
13-49 (Nov. 22, 2013); Progress Report: Impact on Proposed U-NI1I-1 Rule Changes on
Globalstar Operations, attached to Letter from Regina M. Keeney, Counsel to Globalstar, to
Marlene H. Dortch, FCC Secretary, ET Docket No. 13-49 (Feb. 7, 2014).

16 See Letter from Regina M. Keeney, Counsel to Globalstar, to Marlene H. Dortch, FCC

Secretary, ET Docket No. 13-49 (Mar. 6, 2014).
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adopt a regulatory “backstop” based on Globalstar’s technical ability to measure the noise level at
its satellites” antennas. Globalstar argued that, if aggregate harmful interference from outdoor
U-NII-1 devices were to rise above a 2 dB threshold, unlicensed users should automatically be
required to stop deploying additional outdoor access points and correct this interference, as
required under Part 15 of the Commission’s rules.*’

In the 2014 5 GHz Order, the Commission adopted a subset of Globalstar’s proposed
safeguards. While the Commission decided to permit outdoor U-NII-1 operations in the United
States and raise their power limit, it established an antenna requirement limiting the energy
radiated towards space from those devices.*® According to the Commission, this restriction on
upward transmissions would make it “far less likely that harmful interference will occur, even for
proliferation of access points greater than that presumed in either party’s earlier analysis.”*®

The Commission also adopted a reporting requirement for any entity deploying more
than one thousand outdoor U-NII-1 access points in the United States. Such parties must file a
letter with the Commission acknowledging that, “should harmful interference to licensed

services in this band occur, they will be required to take corrective action.”® The Commission

stated that this corrective action might “include reducing power, turning off devices, changing

1 47 C.F.R. § 15.5(b).

18 Specifically, the Commission’s U-NII-1 rules allow fixed outdoor U-NII-1 access points

to operate at a maximum conducted output power level not to exceed 1 W and a power spectral
density (“PSD”) not to exceed 17 dBm/MHz, with a limit of 125 mW EIRP at any elevation
angle above 30 degrees from the horizon (allowing for a 6 dBi antenna gain).

19 2014 5 GHz Order 1 36 (“More specifically, since the noise floor increase seen by the

satellite will be a function of the aggregated energy from U-NII-1 emissions at elevation angles
above 30 degrees, we can readily address the likelihood of interference to the satellite
attributable to this potential increase. Applying technological measures to operations above this
elevation angle will sharply reduce the energy that will be received by the satellite from each
individual access point, resulting in reduced aggregate noise at the satellite.”); see also 47 C.F.R.
8§ 15.407(a)(2)(i).

20 See 2014 5 GHz Order { 38; 47 C.F.R. § 15.407(j).
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frequency bands, and/or further reducing power in the vertical direction.”?* The Commission
imposed this reporting requirement to give it the “means to identify readily the largest
deployments of U-NII access points, in the unlikely event the number of installations reaches a
point where aggregate noise does cause harmful interference to Globalstar and we must take
action to avoid such a result.”?* The Commission, however, declined to adopt Globalstar’s
proposed 2 dB “backstop,” reasoning that “the power limits above 30 degrees described above
for individual devices, combined with the filing requirements for deployments of large numbers
of devices will provide us with sufficient means for avoiding harmful interference and
addressing it if it does occur.”?

Importantly, though, the Commission reaffirmed that Globalstar’s licensed MSS
operations are protected against harmful interference from unlicensed operations and said that it
would continue to monitor developments in the U-NII-1 band. The Commission stated that
“should harmful interference to [Globalstar’s] licensed services in this band occur,” “corrective
action” will be required.?* The Commission acknowledged Globalstar’s “capability to monitor

increases in noise levels at its satellites, and anticipate[d] that Globalstar will report to us any

significant changes in the noise levels and provide specific details as to how it is affecting its

2 2014 5 GHz Order { 38 (emphasis added).

22 Id.
23 Id.
2 Id.



operations.”?®> The Commission encouraged all interested parties to continue to communicate
regularly with each other and Commission staff regarding developments in the U-NII-1 band.?

Despite what appears to be an expansive U-NII-1 roll-out nationwide, only four entities —
Comcast Corporation (“Comcast”), Altice USA (previously Cablevision Systems Corporation),
Vivint, Inc. (“Vivint”), and Rise Broadband (“Rise”) — have filed letters with the Commission to
meet their reporting requirements.”’

IV.  Globalstar Has Measured a Significant Increase in the 5.1 GHz Noise Level

Attached as Appendix A to this Petition is Globalstar’s report on its satellite
measurements.”® As discussed therein, Globalstar initiated its program to measure the noise
level in its feeder uplink spectrum over the United States in May 2014. Globalstar first
ascertained the baseline noise floor over the United States at 5096-5250 MHz and calibrated the
noise level increases in this band.?® Thereafter, Globalstar began measuring the noise level as
those satellites orbit over the United States. On a monthly basis, Globalstar briefly suppresses
communications traffic through its gateway earth station operations in North America in order to

allow its satellites to measure the noise level. Globalstar takes these measurements in two-

% Id. 1 46.

26 Id. In the months since Globalstar first measured an increased noise level in its feeder

link, its representatives have continued to update the Commission and representatives of NCTA
and the cable industry regarding the latest developments.

2 See Letter from David Don, Comcast Corporation, to OET, FCC (Jan. 15, 2015); Letter
from Peter Corea, Cablevision Systems Corporation (now Altice USA), to OET, FCC (2015);
Letter from Greg Hansen, Vivint, Inc., to OET, FCC (Sept. 18, 2015); Letter from Damon Estep,
Rise Broadband, to OET, FCC (Sept. 28, 2017), https://www.fcc.gov/engineering-
technology/policy-and-rules-division/general/u-nii-1-band-515-525-ghz-operator-filing.

28 Globalstar 5 GHz Noise Floor Measurement Description and Current Results (May 21,
2018), attached hereto as Appendix A (“Globalstar Measurement Report”).

29 Id. at 15-18.
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minute intervals during daylight hours when satellites are centrally located over the United States
and normal daily levels of U-N11-1 Wi-Fi operations are observable.*

Globalstar’s measurements from May 2014 until February 2017 detected no increase in
the noise level. Then, in February 2017, the first satellite measured a 1 dB increase at 5096-
5250 MHz.3* Over the following months, six additional satellites detected a similar 1 dB
increase. In March 2017, the first Globalstar satellite measured a 2 dB noise rise. By
November 20, 2017, four other satellites had detected a similar 2 dB rise in the noise level. As
of April 2018, six of the eight Globalstar satellites involved in this program were measuring a 2
dB noise rise, with the other two satellites measuring a 1 dB noise rise, confirming that the
noise level over the United States is now 1 to 2 dB higher than it was when the Commission
adopted the 2014 5 GHz Order.*

Globalstar has recently taken additional noise measurements over Europe, Australia and
“blue ocean.” To date, Globalstar has not detected any noise rise at 5096-5250 MHz over any of
these areas.*® Additionally, Globalstar has conducted nighttime measurements of the noise level
over North America.** On satellites where Globalstar measured a 2 dB noise rise over the United

States during the day, it has detected only a 1 dB noise rise in the middle of the night. This result

3 Id. at 19-20.

8 Globalstar satellites” feeder uplink antenna transponders measure the noise rise in 1 dB

increments. As a result, no noise rise was detectable by these satellites until the increase reached
at least 1 dB, and no further noise rise above 1 dB was detectable until that increase reached at
least 2 dB. All of Globalstar’s noise-level measurements have an accuracy of +/- 0.5 dB.

3 Globalstar Measurement Report at 21 and Appendix A. Globalstar provides tables

summarizing the results of its noise floor measurements in the Globalstar Measurement Report at
A-2 (“Daytime 5 GHz Noise Floor Results Over North America”) and A-3 (“5 GHz C/S Noise
Floor Summary Timeline (With Measurement Dates)”).

3 Globalstar Measurement Report at 21-24, 26.
3 Id. at 25.
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IS consistent with the expectation that reduced human activity during overnight hours results in
less Wi-Fi activity, lower access point data traffic, and a lower average access point duty cycle
during that time period.

V. The Projected 5.1 GHz Noise Rise Will Have a Severe Detrimental Impact on
Globalstar’s MSS Operations

Attached as Appendix B to this Petition is a technical report from Roberson (“Roberson
Report™), which (i) explains that this noise rise is the result of aggregate emissions from the
deployment of outdoor U-NII-1 access points throughout the United States and (ii) describes the
substantial detrimental impact that this noise rise will have on Globalstar’s provision of MSS to
public safety and other customers throughout North America and surrounding areas.*®

Basic Mechanism for Interference to Globalstar MSS. The increased noise level in
Globalstar’s feeder uplink band will have a detrimental impact on Globalstar’s satellite-to-handset
downlink at 2483.5-2500 MHz.*® Given the “bent-pipe” architecture of Globalstar’s satellites, the
affected feeder uplink signal — consisting of the desired gateway uplink signal plus noise and the
U-NII-1 interference — is translated to Globalstar’s service downlink at 2483.5-2500 MHz.
Because of the noise rise at 5 GHz, this translation process degrades the received signal at the
Globalstar handset, diminishes subscriber capacity, drains satellite power, and creates gaps in

MSS signal coverage.

% Roberson and Associates, LLC, Analysis and Impact of Noise Rise in Feeder Uplinks of

Globalstar Mobile Satellite Network (May 2018), attached hereto as Appendix B (“Roberson
Report”). Roberson considered but could find no other potential causes for the noise rise.
Roberson Report at 47-52. Aeronautical Airport Communications System (“AeroMACS”)
facilities are authorized to transmit at 5091-5150 MHz, but there are currently AeroMACS
systems operating at only two U.S. airports and such limited operations are incapable of causing
a material noise rise. 1d. at 49. Similarly, federal government Unmanned Aircraft Systems
(“UAS”) may operate at 5030-5091 MHz, but there are currently only limited test UAS
operations in the United States. These transmissions are in any event outside Globalstar’s feeder
uplink spectrum at 5096-5250 MHz. Id. at 48-50.

% Roberson Report at 7-9.
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Predicting the Noise Rise Due to Outdoor U-NII-1 Operations. The key parameters for
the noise calculations in the Roberson Report include the number of outdoor U-NII-1 access
points in the United States, the utilization rate or “duty cycle” for these access points, and access
point power level and bandwidth.*” In these calculations, Roberson assumes reasonable outdoor
U-NII-1 access point characteristics based on available industry information as well as real-world
observations of access point deployments and operations. Roberson also incorporates operating
characteristics for Globalstar’s MSS network that are consistent with information that Globalstar
has previously filed with the Commission. Based on these reasonable parameters and applying a
free-space path loss approach that also accounts for a building-shadowing factor, the Roberson
Report calculates the aggregate interference power flux density at Globalstar’s satellite feeder link
antennas, effectively, as of June 2017.%

The Roberson Report’s quantitative noise floor analysis is consistent with Globalstar’s
measurements of the noise level over the United States. Roberson’s calculations thus provide
additional, compelling evidence that Globalstar’s measured noise rise is due to the operation of
large numbers of outdoor U-NII-1 access points across the United States.

Looking forward, the Roberson Report forecasts a substantial noise rise over the United
States, based on (i) industry predictions regarding U.S. access point growth and (ii) reasonable
assumptions regarding increased access point utilization due to greater user data consumption.
Roberson projects that, compared to the 2014 level, the noise floor over the United States by

2022 would increase by between 4.7 dB and 8.2 dB at 5170-5250 MHz (where U-NII-1 Wi-Fi

37 Id. at 15-32.

%8 Id. at 25-26, 28-29 (calculating the noise floor rise for different combinations of outdoor

U-NII-1 access point populations and average duty cycles, i.e., a combination of one million
access points and an average duty cycle of 10% produces a 1.8 dB noise rise at 5170-5250
MHz).

13



devices operate).*® Noise floor increases in this range are well above the ITU-R’s
recommendation for allowable interference to low earth-orbit satellite links and greatly exceed
the tolerance level of Globalstar’s MSS system. Of course, given that there is currently no U.S.
regulatory limit on the number of outdoor U-NII-1 access point deployments, an uncontrolled
proliferation could result in the operation of tens of millions of unlicensed U-NII-1 transmitters
(by cable providers, other broadband operators, and individual consumers) in the United States
and, accordingly, much higher noise rises in Globalstar’s licensed spectrum.

In addition, while wireless carriers” LTE-U/LAA operations in U-NII-1 spectrum were
limited during 2017, these carriers’ unlicensed operations have already become much more
substantial during 2018.%° For instance, AT&T is currently serving four markets with LTE-
LAA systems (Chicago, Indianapolis, Los Angeles, and San Francisco) and will soon be doing
so in Boston, Sacramento, and McAllen, Texas.** AT&T plans to deploy 4,000 LTE-LAA sites
in 2018-2019, while T-Mobile expects to deploy 25,000 small-cell LTE-LAA sites in the
future.** While it is not known which U-N11 bands are being or will be used for these
operations, what percentage of LTE-U/LAA base stations will be deployed outdoors, or at what
power level they will operate, these additional unlicensed transmitters at 5 GHz represent a
significant concern for Globalstar. If occurring in the U-NII-1 band, carriers’ outdoor LTE-U
and LAA operations could significantly increase the noise rise in Globalstar’s feeder uplink
spectrum and the level of aggregate interference to Globalstar’s MSS downlink operations at 2.4

GHz. Notably, the Commission likely did not account for the potential emergence of outdoor

%9 Id. at 31-32, 54. A noise rise of 4.7 dB to 8.2 dB at 5170-5250 MHz produces a noise
rise of 3.0 dB to 5.9 dB across Globalstar’s feeder uplink spectrum at 5096-5250 MHz.

40 Id. at 50-52.
41 Id. at 51 n.60.
42 Id. at 51 nn. 62, 63.
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LTE-U/LAA operations in the U-NII-1 band at the time of the 2014 GHz Order, and it appears
that the Commission’s technical rules for “access points” adopted in that order do not apply
specifically to LTE-U/LAA base-station transmitters operating at 5150-5250 MHz.**

Substantial Detrimental Impact on Globalstar MSS. The Roberson Report demonstrates
that harmful aggregate interference to Globalstar’s feeder uplink will have substantial detrimental
effects on Globalstar’s duplex service downlink to customers in the 2483.5-2500 MHz band.*
As Globalstar’s satellites traverse the United States, a significant portion of their 2.4 GHz
coverage area — which includes the United States, adjacent parts of Canada and Mexico, and areas
in the Caribbean, Central America, and South America — will at any given moment be negatively
affected by aggregate interference from hundreds of thousands of U.S. outdoor U-NII-1 access
points. Successive satellites passing over the United States and surrounding areas will experience
the same detrimental impact.

Globalstar’s network is designed to maintain existing MSS geographic coverage for a
given subscriber capacity (number of simultaneous active users). If the noise floor rises between
4.7 dB and 8.2 dB by 2022 (compared to the May 2014 level), Roberson projects that
Globalstar’s satellite downlink CDMA capacity in affected areas will be reduced by 13% to 35%

during MSS peak hours.*® If wireless carriers deploy large numbers of outdoor LTE-U/LAA

43 While OET and the Commission’s Wireless Telecommunications Bureau have previously

issued a Public Notice seeking comment on a variety of issues related to LTE-U/LAA operations
at 5 GHz and elsewhere, it has not adopted any new technical or operational rules specifically
applicable to these unlicensed systems. Office of Engineering and Technology and Wireless
Telecommunications Bureau Seek Information on Current Trends in LTE-U and LAA
Technology, Public Notice, 30 FCC Rcd 4457 (OET-WTB 2015).

44 Roberson Report at 33-47.
45 Id. at 38-39, 46-47, 54.
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base-station transmitters across the United States as expected, Globalstar’s subscriber capacity
reductions over time will be even more severe.

Another factor reducing MSS subscriber capacity is the effect of the U-NII-1-based noise
rise on Globalstar’s satellite RF power, which is a finite resource on every satellite.*® Globalstar
satellites’ RF power supply will be unavoidably consumed by the amplification and
retransmission of undesired U-NII-1 signals received at the satellites’ feeder uplink antennas,
essentially wasting satellite RF power.*’ This extra expenditure of Globalstar’s scarce satellite
RF power decreases subscriber capacity and, over time, potentially reduces the lifespan of
Globalstar’s satellites.

While Globalstar’s MSS network generally works to maintain existing geographic
coverage, the 5 GHz noise rise will reduce that coverage when the quantity of simultaneous
active MSS users in North America is large enough that Globalstar’s satellites cannot employ
additional power to overcome this interference.*® In this scenario, a reduced satellite-to-
handheld link margin will result in mobile satellite service “holes” in North America and
beyond, leading to increased service outages, dropped calls, failed call attempts, and impaired
data transmissions. Assuming the anticipated noise rise, Roberson estimates that the geographic
availability of Globalstar’s MSS offerings in the United States and surrounding areas could be
reduced by approximately 365,000 square kilometers by 2022. Within these service “holes,” the
noise rise would prevent voice calls and data transmissions that otherwise would have been

completed successfully.

46 Id. at 39-44, 47.
47 Id. at 39-40.
48 Id. at 44.

16



As the Roberson Report describes, the detrimental impact of the noise rise and the
resulting loss of subscriber capacity and geographic service availability will be particularly
severe during and after natural disasters such as hurricanes, when terrestrial networks are often
unavailable and usage of Globalstar’s MSS increases substantially.*® Notably, during Hurricane
Katrina, Globalstar’s satellite traffic in affected areas occupied up to 78% of Globalstar’'s CDMA
subscriber capacity.®® When a similar event happens in the future, Globalstar’s network may not
be able to serve all simultaneous users during such an emergency, when the availability of
communications services is a matter of life or death. Globalstar users in this situation would
suffer significantly degraded service, including dropped calls, geographic coverage holes, failed
call attempts, and impaired data transmissions. In fact, with Globalstar’s expanding subscriber
base and its introduction of new two-way devices and voice and data services, peak traffic
demand on Globalstar’s network will be substantially greater during future Katrina-type events.

While the 2014 5 GHz Order permitted unlicensed outdoor U-NII-1 operations only
within the United States, this substantial harm to Globalstar’s licensed MSS operations will
extend well beyond this country’s borders, contrary to the Commission’s obligations under the
treaty-level ITU Radio Regulation, Resolution 229.*

VI.  The Commission Is Obligated to Protect Globalstar’s Licensed MSS Operations and
Its Customers from Harmful Aggregate Interference from Unlicensed Devices

Under the Communications Act, the Commission’s rules, and applicable precedent, it is

a fundamental duty of the Commission to protect licensed users such as Globalstar from

49 Id. at 45-46.

%0 Id. at 45; see also Letter from William F. Adler, Globalstar, to Nancy J. Victory, Chair,

Hurricane Katrina Independent Panel, FCC (Mar. 16, 2006) (submitting supplemental
information to the Commission pursuant to a request made during Globalstar’s presentation
made during the Hurricane Katrina Independent Panel’s meeting of March 6, 2006).

> Roberson Report at 3, 9; see also ITU Resolution 229.
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harmful interference from unlicensed operations in the United States.”® Congress tasked the
Commission with addressing the problem of interference between competing uses of spectrum,
and the Commission’s core obligation in this regard is to ensure that unlicensed transmitting
devices do not cause harmful interference to licensed operations.>?

In accordance with the Commission’s fundamental duty, Section 301 of the
Communications Act requires that “[n]o person shall use or operate any apparatus for the
transmission of energy or communications or signals by radio . . . except under and in
accordance with this Act and with a license in that behalf granted under the provisions of this
Act.”® The Commission has interpreted this prohibition as inapplicable to unlicensed devices
only to the extent that they do not cause harmful interference to licensed operators.> That is, the
Commission’s ability under Section 301 to allow unlicensed U-NII-1 devices to operate is
predicated on those devices not causing harmful interference to Globalstar. In addition, Section
302a grants the Commission authority, “consistent with the public interest, convenience, and
necessity, [to] make reasonable regulations . . . governing the interference potential of devices
which in their operation are capable of emitting radio frequency energy by radiation, conduction,
or other means in sufficient degree to cause harmful interference to radio communications.”>®

Thus, any Commission rules for unlicensed devices operating in the United States must address

the potential of such devices to cause harmful interference to licensed uses.

%2 See, e.g., 47 U.S.C. § 301; 47 C.F.R. § 15.5(b)-(c).
>3 See, e.g., FCC v. Sanders Bros. Radio Station, 309 U.S. 470, 474 (1940).
> 47 U.S.C. § 301.

> See Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband

Transmission Systems, Second Report and Order and Second Memorandum Opinion and Order,
19 FCC Rcd 24558, 1 68 (2004).

56 47 U.S.C. § 302a.
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The Commission’s Part 15 rules for unlicensed operations reflect this fundamental
obligation. Specifically, Section 15.5(b) of the Commission’s rules requires that operators of
unlicensed equipment (i) operate their unlicensed devices on a non-interference basis with respect
to licensed services, (ii) accept harmful interference from licensed (as well as unlicensed) facilities,
and (iii) in the event of harmful interference to licensed services, either immediately correct the
interference problem or terminate unlicensed operations.>” Part 15 defines “harmful interference”
as “[a]ny emission, radiation or induction that endangers the functioning of a radio navigation
service or of other safety services or seriously degrades, obstructs or repeatedly interrupts a
radiocommunications service.”*® The Commission has found that such harmful interference may
include interference that diminishes the capacity of a communications system.>

As described in Section 111, the Commission in the 2014 5 GHz Order recognized
Globalstar’s right to be protected against harmful interference from unlicensed operations in the
U-N11-1 band.®® The premise of the Commission’s limitations and reporting requirements in

that order was Globalstar’s continued ability to operate its licensed facilities to the full extent

S 47 CF.R.155(b)-(c).

%8 47 C.F.R. § 15.3(m). See also 47 C.F.R. § 15.1(a) (providing that Part 15 sets out the
regulations under which an intentional, unintentional, or incidental radiator may be operated
without an individual license); 47 C.F.R. § 15.1(b) (requiring operation of an intentional or
unintentional radiator in conformity with the regulations of Part 15 or be otherwise licensed or
exempted).

% See, e.g., Amendment of Part 25 of the Commission’s Rules to Establish Rules and

Policies Pertaining to the Second Processing Round of the Non-Voice, Non-Geostationary
Mobile Satellite Service, Report and Order, 13 FCC Rcd 9111, 1 53 (1997); Revision of Part 15
of the Commission’s Rules Regarding Ultra-Wideband Transmission Systems, Memorandum
Opinion and Order and Further Notice of Proposed Rulemaking, 18 FCC Rcd 3857, { 76 (2003)
(“In cellular CDMA systems, it is a well known fact that cell coverage, capacity and noise are
closely related to one another. ... [A]ny increase in the background noise level will have an
impact on both cell coverage and capacity.”).

60 2014 5 GHz Order 1 46.

19



permitted under its MSS authorizations and applicable Commission rules. If “harmful
interference to [Globalstar’s] licensed services” occurs, “corrective action” will be required.®*

The D.C. Circuit has long acknowledged that “the Act does definitely recognize the
rights of license holders.”® This right has further been described as a “vested interest [that]
must be given due weight in any consideration of fundamental fairness.”®® Indeed, the
Commission has recognized “the public interest requires that a Commission license carry with it
some reasonable expectation that it will permit the holder to implement its system. Otherwise
applicants and licensees — as well as their investors and potential customers — may be unwilling
to commit the significant resources necessary to implement proposed systems, and this will
have a chilling effect on the introduction of new services to the public.”®

Here, the proliferation of outdoor U-NII-1 access points throughout the United States
will jeopardize Globalstar’s operational integrity, the future growth and development of its MSS

business, and the interests of first responders, public safety users, rural consumers, and other

MSS customers.®® The Commission should bear in mind that Globalstar invested over $1

61 Id. 1 38.

62 Yankee Network, Inc. v. FCC, 107 F.2d 212, 216 (D.C. Cir. 1939) (emphasis in original).
The court in that case found that “the granting of a license by the Commission creates a highly
valuable property right, which, while limited in character, nevertheless provides the basis upon
which large investments of capital are made and large commercial enterprises are conducted.”
Id. at 217.

63 Reuters, Ltd. v. FCC, 781 F.2d 946, 950 n.5 (D.C. Cir. 1986). See also Request by
Progeny LMS, LLC for Waiver of Certain Multilateration Location and Monitoring Service
Rules, Order, 28 FCC Rcd 8555, { 8 (2013) (in contrast to licensed operators, “parties operating
Part 15 devices have no vested or recognizable right to continued use of any given frequency by
virtue of prior registration or certification of equipment”).

o4 Establishing Rules and Policies for the Use of Spectrum for Mobile Satellite Service in

the Upper and Lower L-band, Notice of Proposed Rulemaking, 11 FCC Rcd 11675, { 14 (1996).

6 The Commission has repeatedly acknowledged the threat of harmful aggregate

interference from terrestrial wireless operations to licensed satellite services. For example, in
May 2013, the Wireless Telecommunications and International Bureaus and OET jointly denied
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billion in its second-generation MSS constellation and ground infrastructure in reliance on its
effective use of the 5096-5250 MHz band for feeder uplink transmissions, among other things.
During that period, Globalstar sought and received various regulatory approvals from the
Commission.®® At no time during this process did the Commission or any other party raise any
issues relating to Globalstar’s essential use of the 5096-5250 MHz band for its feeder uplink
transmissions. Thus, Globalstar reasonably expected that it would be able to use this band for
its feeder uplink operations, as it is licensed to do. If the Commission does not address harmful
aggregate interference from U.S. outdoor U-NII-1 devices, this inaction will inequitably
undercut both Globalstar’s investment and the extraordinary public interest benefits generated

by its satellite offerings. In addition, other potential providers of new, innovative

the United Telecom Council and Winchester Cator, LLC (“UTC-Winchester”) petition for a new
secondary Fixed Service in the 14.0-14.5 GHz band allocated on a primary basis to Fixed
Satellite Service (“FSS”) uplinks. In rejecting this request, Commission staff noted that the level
of harmful interference to FSS uplinks in the 14.0-14.5 GHz band “strictly depends on the
aggregate interference power and the receiver performance of the FSS satellite in orbit.”

Utilities Telecom Council and Winchester Cator, LLC; Petition for Rulemaking to Establish
Rules Governing Critical Infrastructure Industry Fixed Service Operations in the 14.0-14.5 GHz
Band, Order, 28 FCC Rcd 7051, 1 6 (OET-WTB 2013). The staff further stated that the
“potentially large number of deployments that would be likely under the UTC-Winchester
Petition increases the likelihood that a particular station could cause harmful interference to
satellite uplinks that are operating on a primary basis in the band.” Id. 1 8. In 2014, the
Commission pointed to the threat of harmful aggregate interference from mobile devices in the
AWS-3 band to federal satellite operations at 1.7 GHz, and indicated that it would revisit its
AWS-3 technical rules in the event harmful interference to those satellite systems was
demonstrated. Amendment of the Commission’s Rules with Regard to Commercial Operations in
the 1695-1710 MHz, 1755-1780 MHz, and 2155-2180 MHz Bands, Report and Order, 29 FCC
Rcd 4610, 92 (2014). More recently, in its July 2017 Notice of Inquiry on mid-band spectrum,
the Commission noted that, in considering unlicensed use of the 5.925-6.425 GHz band, it would
have to consider the potential threat of aggregate harmful interference from large numbers of
unlicensed devices to satellite receivers operating in that band. Expanding Flexible Use in Mid-
Band Spectrum Between 3.7 and 24 GHz, Notice of Inquiry, 32 FCC Rcd 6373, 1 29 (2017).

o6 See Globalstar Licensee LLC Application for Modification, Order, 26 FCC Rcd 3948
(IB 2011).
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communications services will be reluctant to invest in their network if they lack confidence that
the Commission will protect their investment.

VII. The Commission Should Expeditiously Issue a Notice of Inquiry

The Commission should expeditiously issue an NOI on the viability of continued
spectrum sharing between Globalstar’s licensed MSS operations and outdoor U-NII -1 devices,
seeking comment on Globalstar’s technical information as well as the extent of outdoor U-NII-1
deployment and solutions to the harmful aggregate interference to Globalstar’s MSS.

Deployment of outdoor U-NII-1 devices since 2014 5 GHz Order. In the requested NOI,
the Commission should ask for detailed information regarding the deployment of outdoor
devices in the U-NII-1 band, including the total number of outdoor U-NII-1 access points
deployed in the United States, the percentage of such access points that have been deployed
outdoors, and how companies define outdoor deployments. The Commission should seek
information regarding the equivalent isotropically radiated power (“EIRP”) level, antenna gain
pattern, and duty cycle of these access points. In particular, the Commission should inquire
whether previously deployed or manufactured outdoor U-NII-1 access points comply with the
Commission’s 2014 antenna requirement limiting the RF energy transmitted by those devices at

elevation angles above thirty degrees.®’

o7 See 2014 5 GHz Order 1 36; 47 C.F.R. § 15.407(a)(1)(i). The Commission has granted
waivers permitting a limited number of non-compliant U-NII-1 access points to operate
outdoors. Letter Order addressed to Ms. Terri Natoli, Time Warner Cable Inc., from Julius P.
Knapp, Chief, OET, 30 FCC Rcd 6266 (OET 2015); Letter Order addressed to Mr. David Don,
Comcast Corporation, from Julius P. Knapp, Chief, OET, 30 FCC Rcd 6269 (OET 2015); Letter
Order addressed to Ms. Terri Natoli, Time Warner Cable Inc., from Julius P. Knapp, Chief, OET,
29 FCC Rcd 10008 (OET 2014); Letter Order addressed to Mr. David Don, Comcast
Corporation, from Julius P. Knapp, Chief, OET, 29 FCC Rcd 10002 (OET 2014); Letter Order
to Ms. Jenny Prime, Cox Communications, Inc., from Julius P. Knapp, Chief, OET, 29 FCC Rcd
10005 (OET 2014).
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Through this NOI, the Commission should investigate whether any entity or entities have
deployed more than one thousand outdoor U-NII-1 access points in the United States without
filing the required notification. While it is possible that only a couple of companies have
deployed more than one thousand outdoor U-NII-1 access points, equipment authorization data
suggest that other operators have done so without complying with the Commission’s notification
requirement.®® The Commission should also investigate the marketing and sale of outdoor
U-NII-1 access points to the public by online entities and retail outlets.

Finally, the Commission should seek comment on the future scale of commercial wireless
carriers’ LTE-U/LAA operations in the U-NII-1 band. As described above, while carriers” LTE-
U/LAA operations in the 5 GHz band were limited during 2017, these unlicensed operations
have already become much more substantial during 2018.%° The Commission should ask for
comment on which U-NII bands are being and will be used for these operations and what
fraction of LTE-U/LAA base stations are likely to be deployed outdoors. The Commission
should request comment on the number of LTE-U/LAA base station transmitters that are likely
to be deployed in the United States and the expected level of utilization for these systems.

Options for preventing harmful aggregate interference. In the NOI, the Commission
should seek comment on different options for addressing this threat of harm to Globalstar’s
satellite business and its public safety customers and other users.

First, the Commission should request comment on the benefits of a new rule prohibiting

the operation of outdoor U-NII-1 devices in the United States, similar to what was in place prior

o8 If the Commission determines that any companies have deployed more than one thousand

outdoor U-NII-1 access points without submitting the required notification, the Commission
should require the immediate termination of those companies’ outdoor U-NII-1 operations and
take appropriate enforcement action against those parties.

o9 Roberson Report at 51.
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to the Commission’s 2014 5 GHz Order. To provide meaningful protection to Globalstar and
its customers, this prohibition would have to apply not just to outdoor access points, but also to
LTE-U/LAA base station transmitters and other future outdoor terrestrial systems in this band.
The Commission could ask whether certain exceptions to this prohibition would be appropriate,
such as for client and end-user devices and fixed point-to-point access points.’

A prohibition on outdoor U-NII-1 devices would not restrict outdoor access point
transmissions in the 5 GHz U-NII-2A or U-NII-3 bands (or in the 2.4 GHz band). Almost all
Wi-Fi access points installed today can operate not only in the U-NII-1 band, but also in these
other U-NII bands. Broadband operators should be able to modify the channelization of their
access points through centralized network management. By shifting outdoor access points from
U-NII-1 to the U-NII-2A or U-NI1I-3 band, these operators could preserve their outdoor
operations at 5 GHz and continue to generate the benefits that the Commission contemplated in
its 2014 5 GHz Order.™

The Commission should also seek comment on a U-NII-1 regulatory framework similar
to the approach taken by Innovation, Science, and Economic Development Canada (“ISED”) in
the context of higher power, outdoor access points operating at 5150-5250 MHz.”® As in
Canada, the Commission could consider limiting authority for outdoor U-NII-1 operations to
qualified terrestrial wireless operators that typically enjoy effective control over their networks,

rather than permit unlimited outdoor deployments. Wireless operators would have one-year,

7 See, e.g., 47 C.F.R. 8 15.407(a)(1)(iii), (iv) (governing the operations of fixed point-to-

point access points and client devices in the U-NII-1 band).

& 2014 5 GHz Order 1{ 5-8, 15.

2 See Decision on the Technical and Policy Framework for Radio Local Area Network

Devices Operating in the 5150-5250 MHz Frequency Band, Innovation, Science and Economic
Development Canada, SMSE-013-17 (May 2017), https://www.ic.gc.ca/eic/site/smt-
gst.nsf/vwapj/SMSE-013-17-decision-5150-eng.pdf/$file/SMSE-013-17-decision-5150-eng.pdf.
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non-exclusive nationwide licenses authorizing them to register, deploy, and operate fixed
outdoor U-NII-1 devices. This framework would enable the Commission to monitor the

development and use of the U-NII-1 band, identify the parties responsible for mitigating

interference, and help safeguard Globalstar’s satellite operations.

As part of this operator-licensed approach, the Commission should also revisit
Globalstar’s previously requested regulatory “backstop.” For instance, when the noise level has
risen above a pre-defined threshold, the Commission would institute a licensing freeze and cease
issuing additional one-year outdoor U-NII-1 authorizations to new parties. In this scenario, the
Commission could consider extending authorizations held by existing outdoor U-NII-1 licensees
to license terms longer than a year, but should require any such operators to take the corrective
technical and operational measures necessary to prevent detrimental interference to Globalstar’s
MSS network.

Finally, the Commission should also seek input from interested parties on other
regulatory options for minimizing the threat of harmful aggregate interference to Globalstar’s
MSS operations, as well as parties’ views on any market-based or other private approach for
addressing these U-NII-1 spectrum use issues.

VIIIl. Conclusion

For the reasons described in this Petition, the Commission should expeditiously issue a
Notice of Inquiry regarding the viability of continued spectrum sharing between Globalstar’s
licensed MSS operations and outdoor U-NII-1 devices operating at 5150-5250 MHz. It would be
contrary to the Commission’s statutory obligations — as well as its international treaty obligations
—to not be thorough in its review of such an important issue regarding the threat of harmful

aggregate interference to a licensee, especially given critical public safety implications. The
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Commission’s NOI should seek comment on the technical information and analysis appended to
this Petition, investigate the scale of outdoor U-NII-1 deployments since 2014 5 GHz Order, and
explore regulatory options for preventing or minimizing the harm to Globalstar’s licensed MSS
operations and its public safety and other customers.

Respectfully submitted,

/s/ Regina M. Keeney

L. Barbee Ponder IV Regina M. Keeney

General Counsel & Vice President Stephen J. Berman

Regulatory Affairs Lawler, Metzger, Keeney & Logan, LLC
Globalstar, Inc. 1717 K Street NW, Suite 1075

300 Holiday Square Blvd Washington, DC 20006

Covington, LA 70433 (202) 777-7700

Counsel for Globalstar, Inc.

May 21, 2018
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Summary

In 2014, the U.S. Federal Communications Commission (FCC) issued a Report and Order (FCC 14-30)
allowing unlimited outdoor deployment of unlicensed Wi-Fi access points in the U.S. U-NII-1 band,
spectrum which includes Wi-Fi channels in 5170-5250 MHz and overlaps the licensed 5091-5250 MHz
feeder uplink of Globalstar’s Mobile Satellite Service (MSS) as shown in Figure 1: Globalstar Frequency
Plan and U-NII-1 Band Overlap.

Prior to the publication/release of FCC Report & Order 14-30 on April 1, 2014, Globalstar had informed
the FCC that a rise of 2.0 dB, or greater, in the 5 GHz Noise Floor could cause substantial damage to the
Capacity and Quality of Service (QOS) for the Globalstar Duplex Voice Service. During the FCC’s
rulemaking proceeding, Globalstar requested that a 2 dB “backstop” be defined such that further outdoor
deployment of the U-NII-1 band devices would be restricted once the 2 dB noise rise threshold was
reached. Ultimately the FCC declined to set any “backstop” on the 5 GHz Noise Floor, but did reaffirm
that Globalstar’s licensed MSS operations are protected against harmful interference from unlicensed
operations and said that it would continue to monitor developments in the U-NII-1 band. The FCC also
acknowledged Globalstar’s capability to monitor increases in noise levels at its satellites, and stated its
expectation that Globalstar would report any significant changes in these noise levels and provide specific
details as to how such changes are affecting its MSS operations.

U.S. U-NII-1 Band
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or 1 x 80 MHz 802.11 ac channel
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Figure 1: Globalstar Frequency Plan and U-NI1-1 Band Overlap

As a result of the FCC’s decision to allow the deployment of an unknown number (potentially millions)
of U-NII-1 Wi-Fi devices outdoors at higher power, Globalstar decided to initiate a project to
characterize, calibrate, and monitor/document the ongoing state of the 5096-5250 MHz frequency
spectrum.




The purpose of this White Paper is therefore to describe the Test Methodology utilized to first establish
the baseline noise floor within the 5096-5250 MHz band existing in April 2014, and then to measure and
track any change in the baseline noise level over time as outdoor deployments of U-NII-1 Wi-Fi devices
occurred.

Globalstar has measured and documented a 2.0 dB, +/- 0.5 dB increase from the baseline noise floor
within the 5096-5250 MHz band over North America where outdoor, higher power U-NI1-1 Wi-Fi
deployments have been permitted. Globalstar has not detected any rise in the noise floor over Europe,
Australia, or “Blue Ocean,” where there have been no similar Wi-Fi deployments.

Globalstar is unaware of any potential cause of the increased noise levels other than the deployment of
outdoor, higher power U-NII-1 devices. Further, Globalstar is unaware of any facts or circumstances
suggesting that there will not be continued proliferation of outdoor U-NI1I-1 Wi-Fi deployments in the
United States and a concomitant rise in the noise level.



Introduction

The Globalstar 5 GHz Noise Floor Characterization and Monitoring Project is being performed by
utilizing existing components and capabilities that were included in the original design of the Globalstar
Second Generation Satellite and Ground Systems. The system components described herein are the
Satellite Forward Link Transponders and In-Orbit Test System. Although not specifically designed to
monitor the noise levels of the satellite transponders, Globalstar is able to periodically configure the
system to remove traffic and collect Forward Link Telemetry representing the 5 GHz Noise Floor. This
process is further described below.

1.0 Globalstar 5 GHz Characterization and Test System Description

The Project consists of four major components, as listed and described below. These components are:

Globalstar Forward Link C-Band Spectrum Utilization Plan
Satellite Forward Link Transponder Description

Clifton Ground Station IOTE Measurement System Description
Long Term 5 GHz Noise Floor Monitoring

o0 o

11 5 GHz Forward Link Spectrum Description

The Globalstar 5 GHz Forward Link Frequency Spectrum, as shown in Figure 2 below, is 5091 MHz to
5250 MHz. The lower 5 MHz of the spectrum is dedicated to the satellite Command Uplink and is not
addressed in this White Paper. The upper portion of this spectrum consists of 16 x 16.5 MHz beams.
These beams employ frequency reuse, with eight beams on the RHCP polarization and eight beams on the
LHCP polarization. As shown in Figure 2, the 16.5 MHz beams are set on 19.38 MHz centers, providing
a 2.88 MHz guard band between adjacent beams.
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Figure 2: Globalstar Forward Link Frequency Spectrum




1.2 Satellite Forward Link Transponder Description

The Globalstar Second Generation Satellite (GB2) Forward Link Payload, as shown in Figure 3 below,
contains 16 individual 5 GHz Transponders which are used to translate the 5 GHz Feeder Uplink from the
Ground Gateway to the 2.4 GHz User Downlink. Each transponder is divided into four sections, namely
Input LNA Section, Down Converter Section, Power Amplification Section, and Output Section.

The Globalstar Satellites are specifically designed to have “Bent Pipe” Transponders in both the Forward
and Return Links. In this case the definition of Bent Pipe is a strictly linear “dB/dB” response in gain
across the satellite. This design minimizes any AM/AM distortion that may be generated in the system
and provides a stable gain response in support of the CDMA active Power Control Loops running across
both the C-S and L-C Transponders. We will discuss this design feature in much more detail in paragraph
1.2.2.4. For the purpose of this White Paper, we are primarily interested in the S-Band Power
Amplification section, as it is the location of the noise floor measurements.

1.2.1 C/S Forward Link Transponder - S-band Power Amplifier Section

As shown in Figure 3, the S-band Power Amplification resources in the Payload are made up of 16 active
20 watt power amplifiers, with eight SSPAs dedicated to each polarization (LHCP & RHCP) and with
each of these amplifier banks handling eight beams from the 5 GHz C-Band Feeder Link. Additionally,
there are Multi-Port Couplers (MPC) located at both the input and output of each S-band power amplifier
bank. These MPCs effectively spread the power from each input beam across the eight S-band amplifiers
in each polarization.

The MPC design in the S-band Amplifier Section also includes an additional capability, particularly
relevant to the Project. The Input Multiport Coupler for each polarization (LHCP & RHCP) spreads the
energy of 1/8" of the power for each of the eight input beams (5096-5250 MHz) to each of the S-band
Power Amplifiers. This summation of beam power enables us to obtain a measurement of the noise floor
that is directly representative for all eight beams in each of the RHCP or LHCP polarizations at any one
of the RHCP or LHCP S-band amplifier inputs.

Generally speaking, passive components (cables, filters, circulators) and active components (amplifiers,
mixers) are subject to non-linear behavior (IM Distortion) when operating at higher signal power levels
with an Input Back-off (IBO) of less than 10 dB. However, in the case of Globalstar, during our noise
floor measurements, we are operating at approximately 20 dB IBO, in which case the system is operating
very linear.
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Figure 3: C/S Forward Link Transponder Block Diagram

1.2.2 C/S Transponder Band-Pass Filtering

The C/S Forward Link Transponder has significant band pass filtering at six locations along the C/S
Forward Link Transponder RF chain. These bandpass filter locations and characteristics are listed below,
and shown in Figure 4, Figure 5, and Figure 6.

Bandpass Filter Details and locations:
1. C-Band Input Filter
2. C-Band IMUX Beam Filters
3. C/S Down Converter Filtering
a. C/S Down Converter C-Band Input Filter
b. X-Band Bandpass Filter on Local Oscillator Mixer Input
c. CI/S Down Converter S-Band Output Filter

1.2.2.1 C-band Input Filter

The C-Band Input Filter is installed immediately in front of the C-Band LNA and effectively sets the
noise figure performance of the C/S Forward Link Transponders to 550 K (4.62 dB). The C-Band Input
Filter consists of a Combline/Reentrant Cavity bandpass filter followed by a low pass filter section.
Specific details of the filter performance are shown below in Figure 4.
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Low pass filter : Transmission and reflection

1.2.2.2 C-Band IMUX Beam Filters

The C-Band IMUX Beam Filters, as shown above in the C/S Forward Link Transponder Block Diagram
(Figure 3) are installed immediately following the C-Band LNAs and prior to the C/S Down-Converter
assembly. The IMUX Beam Filters are utilized to isolate the eight individual C-Band RHCP and LHCP
Beams for conversion to S-Band frequencies as shown in Figure 5 below. Also, as shown in Figure 5
(IMUX Layout), the unit contains, along with the channel filters, an additional stage of bandpass filtering
(5096-5250 MHz).
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1.2.2.3 C/S Down Converter Filtering

The C/S Down Converter assembly is utilized to convert the eight RHCP C-band channels and eight
LHCP C-band channels to the S-band frequencies (2483.5-2500 MHz) required for the Globalstar User
devices.

The C/S Down Converter, as shown in Figure 6 below, has three types of bandpass filtering implemented
internally in the unit. In order to minimize unwanted non-linear behavior in the C/S Mixer the unit has
bandpass filtering circuitry surrounding the mixer at three locations: immediately prior to the mixer (C-
band), at the L.O. input to the mixer (X-band), and at the S-band output of the mixer (S-band).
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Figure 6: C/S Down Converter Block Diagram

11



1.2.2.4 Globalstar Second Generation Satellite Gain Transfer Performance

The Globalstar CDMA Duplex Voice processing system is implemented utilizing real-time high rate,
active “Power Control” loops between the ground Gateway and Phone Users. These C/S Forward and
L/C Return Link Power Control loops are required in order to maintain the excellent duplex voice quality
that Globalstar provides its subscribers. One of the primary parameters necessary in operating these
power control loops is a stable and linear Gain Transfer Function across the Satellite Space-To-Ground
Interface.

Immediately following each of the Globalstar GB2 satellite launches, we conducted an extensive In-Orbit
Test (IOTE) program on each of the satellites, consisting of Antenna Patterns, Gain Flatness, Frequency
Translation, Group Delay, Filter Bandwidths, Spurious Signal, and Gain Transfer measurements. These
measurements were designed to verify that the satellites reached their operational orbits safely and also to
establish a baseline set of performance measurements to track any changes that may be occurring during
the planned 15+ year lifetime of the Globalstar Second Generation Constellation.

Of special interest in the 5 GHz Noise Floor Monitoring Program is the linear gain performance
(dB,w/dB;y,) of the satellite at the noise floor of the SSPA RF Input signal power detector. Although we
cannot directly measure just the front end portion of the C/S Forward Link Transponder, we can directly
measure the linearity of the entire Transponder with the IOTE Gain Transfer Measurement capability.

Shown below in Figure 7 and Figure 8 are two IOTE Gain Transfer Measurement reports on satellite
M092 C/S Beam S03. The first measurement was conducted on March 3, 2012 and indicates that the
transponder gain was linear to within < 0.5 dB over a range of ~10 dB input back-off (IBO) down to the
noise floor. The second measurement is also a Gain Transfer measurement on satellite M092 C/S Beam
S03. This measurement was conducted on March 14, 2018 and also indicates that the transponder
performance at the noise floor has remained linear to within < 0.5 dB.
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2.0 Clifton Ground Station IOTE System Description

The Globalstar In-Orbit Test System (IOTE), located at the Clifton, TX Globalstar Gateway site, contains
the hardware and software required to perform the 5 GHz Noise Floor Characterization testing. The
IOTE system was originally designed to perform the initial In-Orbit Testing and Qualification of the GB2
Satellite constellation following the four Globalstar Constellation launches from 2010 through 2013.

In late 2013, during the planning stages of the Project, we determined that we could reconfigure the IOTE
system to provide uplink signals that could simulate the interfering signal. The U-NII-1 Wi-Fi simulated
signal is generated using an Anritsu MG3700A Arbitrary Waveform Generator/Upconverter (AWG),
executing an 802.11ac Waveform file. Figure 9 shown below contains a partial Block Diagram of the
Clifton Gateway C-Band Antenna to IOTE Rack Interface signals that were used during the 5 GHz Noise
Floor Characterization Testing.
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Figure 9: C-Band & IOTE Ground Hardware Block Diagram
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3.0 5 GHz Noise Floor Characterization and Monitoring Methodology

The 5 GHz Characterization Testing will consist of three primary tasks.

a. Characterization Test Procedure Development
b. Characterization of the Globalstar Constellation 5 GHz Noise Floor
c. Initiation of the Long Term Monitoring of the Constellation 5 GHz Noise Floor

3.1 Development of the Ground-to-Space Uplink Calibration Procedure

3.1.1 Noise Floor Calibration Measurement Definition

The basic requirement for the calibration procedure was to perform the uplink of the test 802.11ac
simulated Wi-Fi signal to the satellite under test at the time when a two minute “No Traffic” outage
period has been previously scheduled.

During the outage, the power level of the AWG (simulated 802.11ac) based signal was increased in %2 dB
steps (see Figure 8) until the SSPA telemetry from the satellite indicated a rise in the 5 GHz Noise Floor
at the input to the SSPAs. In each measurement, the stepping was continued until the noise floor was
increased by 3 dB (see Figures 10 & 11). Also, during each calibration test, the C-Band EIRP of the
simulated 802.11ac interfering signal was recorded for each % dB step of the test. This process allows us
to directly equate a measured increase in the level of the 5 GHz Noise Floor, as seen at the satellites to the
total Ground C-Band EIRP causing the increase in the satellite 5 GHz Noise Floor. This approach
established the baseline noise floor level with an accuracy of +/- 0.5 dB, meaning that subsequent noise-
rise measurements over North America have an accuracy of +/- 0.5 dB.

Noise Floor Measurement: Calibration

With user traffic at gateway turned off, ramp up the uplink power of a 20 MHz Wi-Fi signal
in increments of 0.5 dB until the power level detector output indicates a 1 dB increase in the noise floor

802.11 Wi-Fi_Interference Signal Calibration
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Figure 10: 5 GHz Noise Floor Interfering Signal Calibration
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Figure 11: MO079 Noise Floor Calibration Test Example (April 11, 2014)

3.1.2 5 GHz Noise Floor Measurement Telemetry Interpretation

The S-Band SSPA Input Power telemetry that is used to measure the 5 GHz Noise Floor is collected on
board the satellite using a “Sample & Hold Peak Detector” which is widely used to convert signals from
analog to digital representation. In the case of the S-Band SSPA Telemetry used for our testing, the
analog signal is A/D converted into an 8 bit digital Word (0-255) representing SSPA Input Power in dBm
at the instant of the measurement.

The SSPA Digital Raw Data is then sent to the ground along with all of the other satellite subsystem data
items in the satellite telemetry downlink stream. Once on the ground, utilizing a Transfer Curve like the
one shown in Figure 12, the digital data “raw count” is converted back into an analog representation of
the SSPA Input Power Level in dBm.

In practice, the interpretation of the noise rise measurements will be limited to values in dBm listed in the
associated Telemetry Transfer file (TTF). For example, this means that a satellite that is currently
indicating a 0 dB noise rise will continue indicating 0 dB until the interference signal rises to a level
which exceeds the next entry in the TTF. At that time, the measurement will indicate a 1 dB, +/- 0.5 dB
rise in the 5 GHz noise floor.
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Subsequently, a satellite that is currently indicating a 1 dB noise rise will continue indicating 1 dB until
the interference signal rises to a level which exceeds the next entry in the TTF, signaling a 2 dB, +/- 0.5
dB noise rise. Similarly, a satellite that is currently indicating a 2 dB noise rise will continue indicating 2
dB until the interference signal rises to a level which exceeds the next entry in the TTF, signaling a 3 dB,
+/- 0.5 dB noise rise.

Normally, the SSPA Input Power level is sampled at 32 second intervals. Recently, the sample rate was
increased to provide samples at eight second intervals to provide increased time resolution of the
measurement. During the time when the interfering signal is increasing from one quantization level to the
next quantization Level (1.0 > 2.0 dB), we sometimes see the measurement toggle between the two
levels during the two minute measurement period.
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Figure 12: S-Band SSPA Telemetry Transfer Curve Definition
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3.2 5 GHz Noise Floor Measurement Database Establishment

When we had completed the development of the Calibration Procedure, we performed a noise floor
survey of eight of the satellites in the Globalstar Second-Generation Constellation. The eight satellites
chosen included one each from the eight Orbital Planes in the Globalstar Constellation. The survey
consisted of performing at least five measurements on each of the C/S forward Link Transponders in the
Globalstar Constellation. During each measurement, the following data was collected.

RHCP — Baseline “No Traffic” noise level

RHCP — Power level of “first detection” (1.0 dB Rise) of a Wi-Fi interfering signal
RHCP — Power level of “second detection” (2.0 dB Rise) of a Wi-Fi interfering signal
LHCP — Baseline No Traffic noise level

LHCP — Power level of first detection (1.0 dB Rise) of a Wi-Fi interfering signal
LCHP — Power level of second detection (2.0 dB Rise) of a Wi-Fi interfering signal

D o0 o

During the tests, the Globalstar Satellite Operations Control Center (SOCC) collected the S-Band SSPA
Input Power Telemetry, which constituted the satellite response for each test. Also collected during the
tests were the complete sequences of ground test equipment power level settings versus test time. These
uplink power level settings permit an analysis of the amount of Wi-Fi ground EIRP versus the interfering
Wi-Fi signal level received at the satellites, as shown in Figure 13.

RHCP Noise Floor Reference Data

Reference | 1°(1dB) Noise | 802.11ac Ground o 2" (2dB) Noise | 802.11ac Ground L
A X ) Calibration Elev X ) Calibration Elev
SatID | Noise Floor | Rise Det. Level | EIRP Equivalent Rise Det. Level | EIRP Equivalent
Angle (deg) Angle (deg)
(dBm) (dBm) (dBw) (dBm) (dBw)
| Mo79 . 3504 | 3405 4188 _a _ -33.04 4511 | 46|
Mo82 ' -3498 |  -3402 ! 408 ! 43 | -33.04 ' 4432 _'_ 47
| mosz | -35.02 | -33.99 26 _wa [ o a2 U a
MO8  -3%502 | -3403 4027 5 | -3300 443 J_ 56
Mo92 | 3498 | 3403 | 3975 | 46 3297 | 4215 a7
MO095* -35.03 -33.04 40.52 42 -31.99 45.33 46
M0% ' 3503 | -39 ' 3949 ' 57 3301 4337 | 60
moo7t | -35.01 -33.02 | 41.60 | 53 -32.01 | 44.96 56

1. 1st detection resolution on M095-R and M097-Ris 2 dB noiserise.

LHCP Noise Floor Reference Data

Reference | 1%(1dB) Noise | 802.11ac Ground Calibration Elev 2" (2dB) Noise |802.11ac Ground Calibration User
SatID | Noise Floor | Rise Det. Level | EIRP Equivalent Angle (deg) Rise Det. Level | EIRP Equivalent Angle (deg)
(dBm) (dBm) (dBw) (dBm) (dBw)
| Mo79 -3404 | -33.01 4168 42 | 3200 4517 | 46
mos2 | 3a05 | 3208 1 a1 a7 | 3200 T Taa19 A
| Mos3 | 3402 | 3301 4226 4 4 | 201 4 M7 _1__ 44|
M089  -33.99 | -33.00 4257 53 -3201 4557 56
M092? | -34.97 -33.01 | 39.75 | 46 -32.04 | 42.15 47
| M095 -3400 | -32.99 . 4052 + 44 3199 +_ 4533 1 ae
MO0962 -34.98 -33.02 43.66 57 -31.99 46.64 L 60
M097 | -34.96 -33.99 | 40.00 | 50 -33.00 | 44.24 56

2. 1stdetection resolution on M092-Land M096-Lis 2 dB noiserise.

Figure 13: 5 GHz Noise Floor Database - RHCP & LHCP Transponders (May 1, 2014)
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4.0 Noise Floor Measurement Scheduling

In support of both the 5 GHz Procedure Development and Long Term 5 GHz Constellation Survey, it was
necessary to create a process to temporarily interrupt ground station commercial service operations in
North America to eliminate any transmit power from the ground stations in the 5 GHz Band in the
Globalstar satellite footprint.

4.1 Scheduling of Daytime Interruptions of Ground Station Operations

On a monthly basis Globalstar temporarily interrupts its ground station operations in North America in
order to suppress communications traffic and allow the Globalstar satellites to measure the 5 GHz noise
levels over the United States. To execute these brief interruptions in communications between
Globalstar’s ground stations and its satellites, the following requirements have to be met:

a. Satellites in view must be included in the calibrated subset of operational Globalstar satellites.

b. Satellite field of view must completely cover the continental United States during the measurement
period.

c. The measurement period must be two minutes in duration and fall on one minute boundaries.

d. The measurement must be between the hours of 9:00 am ET and 8:00 pm ET so that normal daily
noise floor in the U.S. is measured.

4.2 Implementation of Ground Station Interruptions

Typically, four satellites are selected for the monthly noise floor measurements. We also attempt to use a
different set of satellites from the previous month so a valid statistical sample is maintained from all eight
satellites.

Ground station commercial service interruptions are determined using the Analytical Graphics, Inc. (AGI)
Satellite Toolkit (STK) software configured with all of the Globalstar satellite orbits. It was established
that a two-minute pass (with margin) over any hypothetical ground point can be achieved by inserting a
“sensor” on the simulated satellite with a 23-deg cone half-angle. Accordingly, each Globalstar satellite
is so configured in STK. Measurement intervals are then determined as a coverage report from the center
of the continental United States (Lincoln, Kansas), as shown in Figure 14 below. This coverage report is
then fed into a script which imposes the above timing requirements, places the measurement on a one
minute boundary, and filters the list to a small set of candidates.

Ground station commercial service operation interruption windows are then selected manually and, to the
extent possible, different satellites are used from the previous month for the monthly noise floor
measurement.
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Figure 14: MO095 Over Lincoln, Kansas - June 6, 2017 at 15:17:00 GMT
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4.3 Long Term Monitoring of the Globalstar Constellation 5 GHz Noise Floor

The long term monitoring of the 5 GHz forward link noise floor was initiated on May 1, 2014. Since that
date, we have repeated the 5 GHz Noise Floor measurements on a monthly basis, consisting of
measurements at four satellites with eight transponders each month. As indicated above in paragraph
3.1.2, the Globalstar satellite feeder uplink transponders in effect measure the noise rise only in 1 dB
increments. As a result, no noise rise was detectable by these satellites until the increase reached at least
1 dB, and no further noise rise above 1 dB was detectable until that increase reached at least 2 dB.

During the 34 month time period from May 2014 to February 2017, the Globalstar 5 GHz measured noise
floor remained unchanged. Then, in February 2017, one Globalstar satellite’s Left Hand Circular
Polarization (LHCP) transponder indicated that the noise floor on that satellite had increased by 1.07 dB,
which represented a “first detection” of a 1.0 dB, +/- 0.5 dB rise in the 5 GHz Noise Floor over North
America. During the next six months, from February through July 2017, six additional Globalstar
Satellite Transponders also indicated a “first detection” of a 1.0 dB, +/- 0.5 dB rise in the 5 GHz Noise
Floor. As of April 5, 2018, nine Globalstar Transponders on seven different satellites are indicating a 1.0
dB +/- 0.5 dB.

In March 2017, a single Globalstar satellite flagged a “second detection” event indicating that the 5 GHz
Noise Floor had experienced a 2.0 dB, +/- 0.5 dB rise. As of April 5, 2018, measurements on seven
Globalstar satellite transponders are confirming the “second detection” of a 2.0 dB, +/- 0.5 increase in the
5 GHz Noise Floor. In total, at least one transponder on six of the eight satellites included in these
measurements are being measured is exhibiting a 2.0 dB, +/- 0.5 dB increase in the noise floor.

It took almost three years — from May 2014 to February 2017 for the noise floor to rise by 1 dB. In
comparison, it took less than two months for the next satellite noise floor to rise another dB, for an overall
2 dB noise rise. Subsequently, by August 2017 we had a total of five satellites indicating a 2 dB increase
in the 5 GHz Noise Floor. The noise floor rise resulting from Outdoor U-NII-1 Wi-Fi deployments
appears to be accelerating.

5.0 Additional 5 GHz Noise Floor Monitoring Locations

Initially, 5 GHz Noise Floor measurements were conducted only over Lincoln, Kansas during the daytime
(Busy hours over North America). In August of 2017 we initiated daytime 5 GHz Noise Floor
measurements over Europe and North Africa. We have also recently begun conducting night-time noise
floor measurements over North America and daytime measurements over Australia. The preliminary
results of these measurement categories are discussed below.

5.1 5 GHz Noise Level Over Blue Ocean

The plot shown in Figure 15 below summarizes the results of the noise floor measurements at the
Globalstar satellites over North America versus the noise levels observed when Globalstar’s satellites are
over “Blue Ocean.”

The plot shows the power level received at the M095 satellite at the input to the solid-state power
amplifiers (SSPA) in a bandwidth 5096-5250 MHz versus time of day as the satellite travels from Blue
Ocean (Figure 16), over the continental U.S. (Figure 17), and then back over Blue Ocean (Figure 18).

21



The part of the plot in the dotted-box corresponds to the portion of the orbit when the satellite is over the
continental U.S. during the daytime. As described above, the noise floor when over Lincoln, Kansas is
obtained by scheduling the Globalstar Gateway ground uplink to cease service for a two minute period,
during which the noise floor can be measured at the satellite.

In the expanded view of the graph on the right, the noise floor as measured outside the United States over
Blue Ocean is compared to the noise floor measured over Lincoln, Kansas, approximately in the
geographic center of the U.S. No increase in the noise floor was observed over the Blue Ocean areas. In
contrast, a noise floor difference, or noise rise, over the U.S. of 1 dB is readily observed.
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Figure 16: Map #1 — M095 Location 68 Minutes Prior To Lincoln, Kansa
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Figure 18: Map #3 — M095 Location 47 Minutes After 5 GHz Measurement
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5.2 5 GHz Noise Floor Measurements Over Europe

European 5 GHz Noise Floor Measurement Description

Within the last few months, Globalstar has performed a sampling of 5 GHz Noise Floor measurements
over the European land mass in order to confirm the 5 GHz Noise Floor rise over North America. While
the European 5 GHz Noise Floor measurement methodology is similar to the measurements that are
currently being conducted over North America, there are some differences between the measurement
processes over these two continents.

First, for the measurements over Europe, we did not utilize an “Initial 5 GHz Noise Floor Calibration
Database” developed specifically for the European region. Instead, we are utilizing the North American
Noise Floor Reference Database, which may, or may not, be completely representative of the actual
European 5 GHz Noise Floor. Second, the satellite location is different during the measurements over
Europe. Given the parameters described here, we have set the noise floor measurement location at
approximately 1150 kilometers SSW (South South West) of Ireland. The results of these measurements
are shown in Figure 19 below.

Satellite ID Measurement Reference Noise Measurement Blue Ocean
& Polarization | Schedule (Date/Time) Level (dBm) Level (dBm) | Noise Level (dBm)
MO79-R | March7,2018 15:41:00 -35.04 | -35.04 | -35.04
© MO79-L |, March28,2018 093400 | 3404  ,  -3404 |, 3404
_ M082R  'March4,2018 085600 | 3498 ' 3498 | 3498
MO82-L | March 4, 2018 08:56:00 -34.05 | -34.05 | -34.05
M083-R  March 30, 2018 09:25:00 -35.02 ' -35.02 ' -35.02
" "Mosa-L_ IMarchs, 2018 084500 | 402 1 e I T ;T
| _MOB-R__ | Aprill,2018 112600 | 8502 _ 4 %02 | 302 _
MO89-L April 1, 2018 11:26:00 -33.99 -33.99 -33.99
MO092-R | March 21, 2018 12:47:00 -34.98 | 49 | -34.98

M092-L |, March 31, 2018 10:20:00 3497 -34.97 , -34.97
M095-R ' March 10, 2018 07:16:00 -35.03 ! -35.03 ! -35.03

© M09-L  |March18,2018 051900 | ~ -3400 |  -3400 |  -3400
MO096-R March 12, 2018 01:05:00 -35.03 -35.03 -35.03

© TM%-L IMarchis 2018 004700 | s 1 mes | e

| _MOY-R__ |March3,2018 030300 _ [ _-3501 _ I %01
MO097-L March 9, 2018 05:00:00 -34.96 -34.96 -34.96

Figure 19: 5 GHz Noise Floor Measurement Results Over Europe
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5.3 5 GHz Night-Time Noise Floor Measurements Over Lincoln, Kansas

Recently, Globalstar has begun conducting night-time 5 GHz Noise Floor measurements. The rules
governing the night-time measurements are similar to the daytime measurements, except for the time
window.

The goal of the night-time measurements is to provide a comparison measurement to the daytime “Busy
Hour” results. We have set the night-time candidate window to 07:00 to 11:00 GMT. This places the
measurements in the middle of the night (approximately 3:00 AM Local time +/- 2 hours) over Lincoln,
Kansas. Since the window for the night-time measurement is only 1/3 as large as the daytime window,
we have only 1/3 of the chosen satellite candidates available during this 4 hour time period.

As of April 5, 2018, we have completed night-time 5 GHz Noise Floor measurements on 10 of the 16
designated satellite transponders. As shown in Figure 20, the measurements series is not yet complete,
but the preliminary results indicate that there is a small decrease in the noise rise as compared to daytime
results.

Nightime 5 GHz Noise Floor Results Over North America
(Measurements as of April 5, 2018)

Satellite ID Recent Measurement | Reference Noise Current Current Noise Blue Ocean
- . Measurement | _. .

& Polarization (Date/Time) Level (dBm) (dBm) Rise Results (dB) | Noise Level (dBm)
_ MoroR o I s A
MO79-L February 11, 2018 08:34:00 -34.04 -33.01 1.03 -34.04
| mo82R__ |April3,2018 0921:00 | 3498 [ 3402 [ 09 | = 3498 |
MO82-L April 3,2018 09:21:00 -34.05 . 3298 1.07 . -34.05
| MO083-R_ |January22,2018 074500 '  -3502 ' 3399 ' 103 ' 3500 |
MO83-L April 1,2018 12:41.00 | -34.02 | -3301 | 1.01 | -34.02
MO89-R -35.02 -35.02
~ wmesoL | T T T T T Tmee T T T T T T T T T T
Mo%2R (| _48_ 4 _ _ | _ A%
M092-L -34.97 -34.97
| Mo9sR _ [March5,2018 071200 | 3503 | 3304 [ 199 | = 303 |
MO95-L March 5, 2018 07:1200 -34.00 L 3299 1.01 | -34.00
| M09%6R _ [March6,2018 081900 '  -3503 ' 3896 ' 107 ' 3503 |
MO096-L March 20, 2018 01:021:00 | -34.98 | 3299 | 1.99 | -34.98
MO97-R -35.01 -35.01
"~ Moo7L _ |March4,2018 105900 1 -3ae6 I Tazo0 T T Tos T T Taags

Figure 20: Night-time 5 GHz Noise Floor Measurement Results Over North America
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5.4 5 GHz Daytime Noise Floor Measurements Over Australia

Recently, HIBLEO-X has begun conducting daytime 5 GHz noise floor measurements over Australia.
The rules governing these measurements are similar to the daytime measurements over the northern half
of ITU-R, Region 2. The goal of the daytime Australian measurements is to provide a comparison
measurement to the daytime “Busy Hour” measurements over the northern half of ITU-R, Region 2.

As of April 3, 2018, we have conducted noise floor measurements on five of our eight selected satellites.
Measurements have been completed on seven of the ten RHCP/LHCP transponders available on these
candidate satellites.

As of April 3, 2018, preliminary results are indicating that there is no increase in the noise floor over
Australia when compared with “Blue Ocean” levels. Figure 21 below shows the target location and
coverage of the satellites during the Australian measurements. These measurements are continuing on a
monthly basis.

Click to move around
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Data SIO, NOAA, U.S. Navy, NGA, GEBCO ‘“
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Imagery Date: 12/ 32" E eye alt 11945.8

Figure 21: Satellite Coverage Over Australian 5 GHz Noise Floor Measurement

26



Appendix A

5 GHz Noise Floor Measurement Results Data

5 GHz Measurement Results Description

>

YV V VYV

Current Status for the 5 GHz Noise Floor Monitoring Project
Description of the Individual Transponder Timeline Charts
Description of the 5 GHz Outage Measurement Charts (Daytime)
Description of the Blue Ocean Charts

Description of the Reference 5 GHz - Noise Floor Database

Satellite Transponders Reporting a 1.0 dB, +/- 0.5 dB Increase in 5 GHz Noise Floor

A\

VVVYVYVYVYVYVYY

MO079 - RHCP = 0.99 dB Noise Rise
MO082 - RHCP = 0.96 dB Noise Rise
MO082 - LHCP = 1.07 dB Noise Rise
MO083 - LHCP = 1.01 dB Noise Rise
MO089 - RHCP = 0.99 dB Noise Rise
MO089 - LHCP = 0.99 dB Noise Rise
M092 - RHCP = 0.95 dB Noise Rise
MO095 - LHCP = 1.01 dB Noise Rise
MO096 - RHCP = 1.07 dB Noise Rise

Satellite Transponders Reporting a 2.0 dB, +/- 0.5 dB Increase in 5 GHz Noise Floor

Y

YV VVYVY

MO079 - LHCP = 2.04 dB Noise Rise
MO083 - RHCP = 2.01 dB Noise Rise
M092 — LHCP = 1.96 dB Noise Rise
MO095 - RHCP = 1.99 dB Noise Rise
M096 — LHCP = 1.96 dB Noise Rise
MO097 — RHCP = 1.99 dB Noise Rise
MO097 - LHCP = 1.96 dB Noise Rise




5 GHz Noise Floor Project Current Status

As of April 3, 2018 there are nine Globalstar Satellite Transponders on seven different satellites
reporting at least a 1.0 dB, +/- 0.5 dB increase in the 5 GHz Noise Floor while over North
America. Additionally, there are seven Satellite Transponders on six different satellites reporting
a 2.0 dB, +/- 0.5 dB increase in the 5 GHz Noise Floor.

The following pages of Appendix A contain five types of charts for reporting of the noise floor
rise of the 16 Satellite Transponders identified above on page A-1. The five types of charts are:

1. 5 GHz Noise Floor Results Over North America (Daytime)

2. Expanded 5 GHz C/S Noise Floor Summary Timeline (With Measurement Times)

3. Individual Satellite 5 GHz Noise Floor Measurement Timeline Tables

4. Daytime Measurement Charts

5. Expanded View Blue Ocean Charts

Daytime 5 GHz Noise Floor Results Over North America
(Recent Measurements)
. . Current .
Satellite ID Recent Measurement | Reference Noise Measurement Current Noise Blue Ocean
& Polarization (Date/Time) Level (dBm) (dBm) Rise Results (dB) | Noise Level (dBm)

MO079-R March 16, 2018 09:21:00 -35.04 -34.05 0.99 -35.04
MO79-L February 13,2018 2023:00 -34.04 -32.00 2.04 -34.04
MO82-R April 3, 2018 16:15:00 -34.98 -34.02 0.96 -34.98
M082-L April 3 13,2018 16:15:00 -34.05 -32.98 1.07 -34.05
MO083-R March 17,2018 1721:00 -35.02 -33.01 2.01 -35.02
MO83-L April 1,2018 12:41:00 -34.02 -33.01 1.01 -34.02
MO89-R January 9, 2018 20:29:00 -35.02 -34.03 0.99 -35.02
MO89-L January 9, 2018 20:29:00 -33.99 -33.00 0.99 -33.99
MO092-R March 1, 2018 17:21:00 -34.98 -34.03 0.95 -34.98
M092-L March 1, 2018 17:21:00 -34.97 -33.01 1.96 -34.97
M095-R March 5. 2018 07:12:00 -35.03 -33.04 1.99 -35.03
MO95-L March 5, 2018 07:12:00 -34.00 -32.99 1.01 -34.00
MO096-R March 6, 2018 08:19:00 -35.03 -33.96 1.07 -35.03
MO96-L March 18, 2018 22:05:00 -34.98 -33.02 1.96 -34.98
MO097-R March 20, 2018 01:01:00 -35.01 -33.02 1.99 -35.01
M097-L January 6, 2018 19:47:00 -34.96 -33.00 1.96 -34.96




Satellite

Transponder s : : r r Noi rin rN h ri mw::;u:::: H
o (dB) (Expanded View - July1,2016 —> April 5, 2018) A
__MO79-R | 1.0d8,+/-0.5d8 |- |
__MO79-L | 20d8,+/-0.5d8 |-
MO82-R 1.0 dB, +/- 0.5 dB
MO082-L 1.0 dB, +/- 0.5 dB
MOE3-R 2.0 dB, +/- 0.5 dB
© Mo083-L | 1.0ds,+/05d8
MO89-R 1.0 dB, +/- 0.5 dB
MO89-L 1.0 dB, +/- 0.5 dB
_ MO092R | 10d8,4/-0.5d8 |- B * K % * XK ® ®

2.0d8,+/-0.5d8

| Chart Updated April3, 2018

" MO95-R | 2.0dB,+/-0.5d8
MO95-L 1.0 dB, +/- 0.5 dB
"~ MO096-R | 1.0dB,+/-0.5dB
MO96-L 2.0 dB, +/- 0.5 dB
MO97-R 2.0 dB, +/- 0.5 dB
M097-L 2.0d8, +/-0.5 8 S S S x S T S
H T H H 0 T i i T H H T 0 H H 0 T H :
o w -] w o w I~ P~ ™~ P~ P~ ~ ~ M~ P~ ~ ™~ ~ w0 ] L] o
- - - - - - - - - - - - - - - - - - - - - -
2 s 2 8 2 s 8 8 & a s 8 2 2 2 8 2 2 a8 s 8 8
- - - - - - - - - - - - - - - - - - - - - -
- -9 - = = = = = - -9 o = £ = =
= 3 & 8 F & & 3 £ : § 5 = I & & 2 g § 2 5§ &
5 GHz Noise Floor Measurement Timeline

5 GHz C/S Noise Floor Summary Timeline (With Approximate Measurement Dates)




Description of the Individual Satellite Timeline Charts

Appendix A contains a 5 GHz Measurement Timeline chart for each of the Satellite Transponders
listed above. Each of these charts contains the details for the measurements performed from May
1, 2014 to the present. The five columns in these charts are defined as follows:

Satellite ID and Measurement Date

Reference Noise Floor Level from May 1, 2014 Database
SSPA Measurement Level recorded during Satellite Outage
Indicated 5 GHz Noise Floor Increase (i.e. Col 3 - Col 2)
Descriptive comments as appropriate.

a s wnN e

Description of the 5 GHz Daytime Measurement Charts

The 5 GHz Outage Measurement charts are a Telemetry Replay of the Satellite SSPA Input
Power telemetry for the RHCP and/or LHCP captured during a short time period surrounding the
actual two minute No Traffic outage period. In this case the view is zoomed in so that we can
see the individual telemetry capture points. On each chart, we have labeled the “Reference”
Noise Level and the measured indication of specific noise rise.

Description of the Blue Ocean Charts

In addition to the 5 GHz Outage Measurements charts, we have attached an Expanded View
chart for each satellite transponder. These charts are also a Telemetry Replay of the SSPA Input
Power Levels for approximately one hour prior to the 5 GHz Outage until one hour after the
measurement (i.e. slightly more than one orbit). The purpose of the chart is to compare the
“Blue Ocean” SSPA Input power levels to the Reference Levels shown in the 5 GHz Reference
Database. Thus far, the Blue Ocean levels are identical to the Reference Database levels in all
cases.

Description of the Reference 5 GHz - Noise Floor Database

The 5 GHz Master Noise Floor Database contains relevant noise floor data for each of the 24
RHCP and 24 LHCP Transponders in the Globalstar Satellite Constellation. The Reference 5
GHz Noise Floor Database used in this White Paper contains data for only eight of the 24
satellites, as follows: M079, M082, M083, M089, M092, M095, M096, and M097. This
Database was populated during the Characterization and Calibration phase of this project in late
2013 and early 2014. The entries in the database were initialized for the 5 GHz Noise Floor
monitoring phase of the project on May 1, 2014.

Each Satellite Transponder line entry in the Reference Database consists of consists of eight
columns of data, as follows:

1. Satellite ID
2. Reference “No Traffic” SSPA Input Power Level ( dBm)
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RHCP Noise Floor Reference Data

1.0 dB, +/- 0.5 dB Noise Rise for 1% Detection Level (SSPA Input Power in dBm)
Equivalent 802.11ac Ground EIRP to produce a 1 dB rise in Noise Level
User Elevation Angle at Calibration time (Used to calculate FSL)
2.0 dB, +/- 0.5 dB Noise Rise for 2™ Detection Level (SSPA Input Power in dBm)
Equivalent 802.11ac Ground EIRP to produce a 2 dB rise in Noise Level
User Elevation Angle at Calibration time (Used to calculate FSL)

Reference 1dB Noise |802.11ac Ground User Angle 2 dB Noise 802.11ac Ground User Angle
SatID | Noise Floor Rise Det. EIRP Equivalent (de )g Rise Det. EIRP Equivalent (de )g
(dBm) Level (dBm) (dBw) & Level (dBm) (dBw) &
[ woro | _ssos | saos | awes | s | mod | asu | 46
vos2 | 3498 | a2 | 4083 | a3 | o | a3 T a7 |
voss I 302 [ 3399 [ a2 . 0w | o [ wn [ 4|
voo | _ase2 | o 4 w0y | s | oL 4 w0 s6_
M092* -34.98 -34.03 39.75 _L 46 -32.97 42.15 47
voos [ -35.03 | -33.08 w50 42| 39 [ 4533 [ a6 |
| wose | _ssos | amss o sas | s | mo  my e
M097 | -35.01 -33.02 41.60 53 -32.01 44,96 —I_ 56
1. M092 RHCP Reference Noise Floor synchronized with 2014-2018 Blue Ocean value 11/31/2017
LHCP Noise Floor Reference Data
Reference 1dB Noise |802.11ac Ground User Anele 2 dB Noise 802.11ac Ground User Angle
Sat ID Noise Floor Rise Det. EIRP Equivalent (de )g Rise Det. EIRP Equivalent (de )g
(dBm) | Level (dBm) (dBw) &) | Level (dBm) (dBw) &
[ moro | 3404 | sso1 . ates [ 4 | ;00 | 457 . 4 |
(vop T m0s [ wmos | wan | e | me | a9 [ s |
[ woss [ sao2 | smor | 4226 R T “n_ | 4
MO089 -33.99 -32.01 45.57 57
M0922 -34.97 -31.53 43.51 47
MO095 -34.00 -31.99 45.33 46
| Mos6 | 3498 e T e 1 e |
MQ97 -34.96 33.00 44.24 | 55

1. M092 LHCP Reference Noise Floor synchronized with 2014-2018 Blue Ocean value 11/31/2017

Reference 5 GHz - Noise Floor Database — Sixteen Designated Satellite Transponders




Individual Satellite C/S Transponder Noise Floor Measurement Details

The following 32 pages list the measurement details for each of the 16 satellite transponders that were
chosen for the 5 GHz Noise Floor Monitoring effort. There are three specific items provided for each
transponder. The first item is a timeline of the dates, results, and comments for each of the measurements
on that Transponder. The second item is a telemetry replay chart of a recent measurement which depicts
the current 5 GHz Noise Rise status. The third item is a “Blue Ocean” chart which depicts the 5 GHz
Noise Floor level approximately one hour before and one hour after the measurement shown in ltem # 2.




MO079 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

2017/01/12

2017/04/07 J

MO75-RHCP Measurement | May 2014 Reference SSPA Input Level
Measurement ) X Measurement Comments
Date Start Time (GMT) [ Noise Level (dBm) (dBm)

| 2014/0520 | 140100 | 3504 3504 Nonoise floor rise detected |
_@@L_@&+_@LJ:£%__ |
|_2014/07/14 | 161900 | 3504 | -3504 -]
Coowosm | 153300 | %04 | 304 I |
| 2014/09/26 | 21:02:00 _ELJLEK______ ________
| 20141015 | 152400 3504 | 3504 | o0 | |
j%&+£@J:j%_+;@_ - N |
o/ | w10 | s se o 00 o G ]
| oo15/06/09 [ o090, mses [ e [ o0 | [
j@@+£@J:j%_+;@_ I |
2015/09/23 195000 | 3504 3504 I |
oz | s | w0 | e | |
e | BEsin | mm | 2B I |
| 206/02/10 , 123200 | %04 . %4 00 | | |
[ aowjowos | aseo0 | sse | mses | o0 | |0 ]
_@w4¢%&+;@_4_@L ]
| 2060530 | 163700 [ 304 304 I |
_@@L_@%+_@LJ:£% _____ I |
| 2016/10/21 | 165400 3504 | 3504 IR |

195000

2017/06/05 21:09:00

| aowjoens | w4z | s | o |
[ omjoy/os | _aoamo0 | 0| 05

| 20170728 | 131800 | 3504 3405
[ owg/os/ie [ e | mo [ s [
_ 2018/03/29 +

Toggling between 0dB and 1 dB noise rise

No noise floor rise detected
No noise floor rise detected

First detection of a 1 dB noise rise




MO079 - RHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)

| = MOTS - 5 GHz Moise Floor Chart [replay] g = EX3

1 dB Noise Rise

| =+ MO79 - 5 GHz Noise Floor Chart [replay] — | 3] x|

Blue Ocean

Blue Ocean \

Measurement /

M
2018/03/16
15:00:00
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MO079 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

2015/06/09 00:09:00

____1___

MO079-LHCP SSPA Input Level .
Measurement | May 2014 Reference Noise
Measurement ) Measurement ) Comments
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise (dB)

| 20140520 | wo0L00 | 3404 398 094 |Noise floordecreased 1d3 from Ref. Database _|
JMML_%@4_4wLJ:j@__Jﬁﬂmﬁﬁmmﬁm@mg_
| o714 | 61900 1 s404 | 3404 | o0 | L |
ATy | SRRy | B = -0.94 _ |Noise Fl{ pr decreased 1dB from Ref. Database
| owiosze | amozoo | 3404 1 304 _ | 000 _ [Noise i rReturmed toRet, otabase level. __|
| o0 | asaeo0 L %404 | 3404 | o0 | L |
T S 1 N S R Y| | S

2015/02/11 14 13 00 . -34.04 -34.98 -0.94 Noise FI{ pr decreased 1 dB from Ref. Database

]@@+£@J:Jﬁ_ _ %04 | 0

2o15/09/23 T 19se00 | a4 L 3404 000 |
| o103 [ assseo | sos [ s [ oo |
o1/ | 1sas0 I saos | e | 000

| 206/0/10 123200 | 3404 | 3404 000 |
_%WL_@&+_£LJ:ﬁ%__@_
| oowejosjos | mamgo0 T T saos | s | 000 |
L ﬂl&ﬁ/& 16:37:00 -34.04 . -34.04 ﬂ)

_%%L_@£+_ﬂhJ:ﬂ%J:@_
| 2016/1021 | 165400 Ho_ | 0 000 |
_oowjoy12 | 182600 | 3404 04 000
I S I TR N N AT N
| cojosjo7 | 1es000 T 3os | 3404 | om0 |
_0m7/06/0s | _atos0 | _-3404 Ss0L_ 103
| aorjoe/ts | ieamoo | sae 1 a1 oo |
| 2017/07/03 | 202300 _ 04| ol | 103

2017/08/03 11:50:00 -34.04 3200 2.04

[ oowjosps [ e | mam | wmo [ 1m
_owjge | mossw_ [ s 4 ser | 103
2ou7/a0/19 T Taede0 | a4 T T 00 T 04
w213 [ azore0 | smoa [ om0 [ oo
mmm+£@J:jﬁ_+;@_+ﬂL
| omgoyasr T osaro | s T mo T e

| oowgjoyp0r [ os200 L mos [ msor [ 103
E%W+£@J:j%_ o 103
| 2018/20/07* 09:32:00 -34.04 -32.00 2.04

| 2ong/o2/1*_ [ 08:34.00 __mos [ mo [ 103
ﬂ%w+ﬁ@J:j%_+;@_ 204
|owgjoos [ g0z | maoa T mo T aes |
_2018/03/29 | _ 2007:00 404 | omso1 | 103

_|Noise FIf pr Returned to Ref. Database level.

v,_

Toggling between 1dB and 2 dB noise rise |
Toggling between 1dB and 2 dB noise rise

* Night-time measurement




MO079 - LHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (2.0 dB, +/- 0.5 dB)
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MO082 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

Mhsgfj;::‘;:t Measurement | May 2014 Reference S:EA;:::::::I Noise ——

Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise (dB)
| _2014/06/02 | 183500 | 3498 3498 | 000 |Nonojsefloor risedetected
| 2014/08/27 | 20:23:00 + — 3498 _E 4% 0o | 9 _ _ _]
| 2014/09/03 | 174100 0 -498 | -8 | o0 | W ]
4097 | 143600 | 4% 34 o0 | W]
ansons T mos | e 1 me 1o [ || ]
| oowjoy13 | onaso0 . w8 | s | o | N |
2T 1N R N R 1 o0 | ]
| oosjorjos | wsoseo | sass T sas T oo [ )
| oosjos/zr [ wareo | sass [ mes [ o | |
J%&+£@J:j@_ _ %8 o0 | ]
| ooz | oodee0 | sass T sas D o0 [ )
2016/03/15 19:02:00 -34.98 -34.98 0.00
_omgjosys | s | mss o mss oo | W ]
| 2016/029 | azs7e0 | e 8 000 | M
_@@L_%&+_ﬂLJ:ﬁ&__@___w _______
| o602 | s | mass | | - owconfigurationincorrectal trafficot emoved |
| o/ | 190600 | 348 _ 3498 | 000 [Nonoisefloor risedetected _ __ _
_@@L_@&+_ELJ:ﬁﬁJ:%Jw@MWW%L___
| 2017/07/26 |  21:57:00 -34.98 4 -34.02 4 09 |indicatesaldBnoiserise. |
2017/08/23 15:07:00 Indicates a 1 dB noise rise.
| 2017/10/23 | 22:01:00 _ 349 ' 3402 ' 0% _ |indicatesaldBnoiserise. |
| oowjayas | seo0 3498 | 3402 | 0% [indicatesatdBnoiserise. |
_ 2017/12/18 - _14:26:00 | _ -34.98 -+ _ 3402 | 0% |indicatesaldBnoiserise. |
| _2018/022 | 21:3600 | 3498 | 3402 ' 09% |indicatesaldBnoiserise.
| oowoyss [ _tease0 | 3 [ 3402 [ 0% |indicatesaidBnoserise. |
E%@+ﬂ@J:J@_+;@_ 0% _ [indicatesaldBnoiserise. |
2018/03/30* 10:20:00 -34.98 -34.02 0.96 Indicates a 1 dB noise rise
| cowjosjorr | ossio0 T 3498 | 3402 | 0% indicatesaldBroiserise. _ |
| 20s/o4j03* | os2100 | 3498 A2 L 0% ldetesidimiets

|

* Night-time measurement




MO082 - RHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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MO082 - LHCP Transponder - 5 GHz Noise Floor Measurement

Timeline (1.0dB, +/- 0.5 dB)

MO082-LHCP SSPA Input Level
Measurement Measurement | May 2014 Reference Mea:ui:m:r‘:te Noise —
Date Start Time (GMT)| Noise Level (dBm) (dBm) Rise (dB)

| _2014/06/02 | 183500 | 3405, 3405, 000 |Nonoisefloorrisedetected _
_@@L_@&+_ﬂLJ:ﬁ£J:%___________
| 2014/09/03 17:41:00 -34.05 _L -34.05 _1_ 00 | 1.

2014/09/17 by

2015/01/14 y b 0.00
| 20150313 | 214300 305 | %05 | o0 | {0 ]
J°@5&+£'@0__;3@_+_34-05_+ 60 | - ]
| _2015/07/03 1509004_;3“& %406 ' o0 |  f4
| 2015/08/27 17:27:00 _ 3805 _l__ 3405 _l__ N e I
_2015/11/24 + _17-31_~°°_t %405 | 3405 oo | ]
| _2016/02/12 ~  20:46:00 _ %406 %405 ~ 00O |} 4
| 2016/03/15 |  19:02:00 _ﬂOS__E‘_WB___O&____ ]
__2016/05/05 £=@0__;3@_+_'@5 L I I B
| _2016/06/29 &5724__34£_ _ 3405 ec@ | v
_%@L_%£$_ELJ:£EJ:@___m_______

| dulsigpl || ey | el | = | = |SveslEueden by ol ieiicniionned |
| 2017/02/10 190600 | 3405 -32.98 107 [FirstdetectionofaldBnoiserise
_@@L_@%+_ﬂLJ:£&J:ﬂJ@@@%@_____

| 2017/07/26 21:57:00 -34.05 4 3298 4 _ 107 |indicatesaldBnoiserise. |

Cowjoy | 150700 | 305 9% _L07__ |indicatesaidBnoiserise. |
| bR | 2 | B j N j _ 107 _|indicatesaldBnoiserise. |
| 2017/11/18 | 1541:00 05| 38 | 107 |ndicatesaldBroiserise. |
0w/ 142600 | 3405 | mo | 107 [nditesaldsnoserse |
_@ML_@&+_ﬂE;tﬁ&__@;@@@%M_____

2018/02/13 16:15:00 . |Indicates a 1 dB noise rise.
| 2018/03/28* | 1049:00 5 - 107 _ |indicatesaldBnoiserise.
[ ooz [ w0200 | maos | ms | 107 |indistesaldBnoserise.
EW@+EWJLJ@_+-@ 107__|indicatesaldBroiserise. __ _ __ |
| 2018/04/03* 09:21:00 _L_i‘loi_ _ 3298 = 107 |IindicatesaldBnoiserise.

* Night-time measurement




MO082 - LHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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MO083 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

MO083- RHCP SSPA Input Level
Measurement May 2014 Reference i Noise
Measurement ) ) Measurement ) Comments
Start Time (GMT) | Noise Level (dBm) Rise dB)
Date (dBm)

2014/06/09 20:32:00 _1_ -35.02 -35.02 0.00 No Noise Rise Detected

R0y OB I 5 OB W -2 S R - 02 o0 |
_Zoﬁ‘/ﬂz“__ﬂyﬂj__'?ﬁ&_ %0 ' o000 ( _Hf ]
“oaowoyo | o370 | a0 1|~ lowcon| furstonincoreet Al afficnotremoved
_£1ﬂ9/2_3+_15ﬂoo_4f_-@2_4_£02 4 e I I
o7 1 asa00 T see se Voo | 4
oo [ waw [ se 1 me [ oo | [T~ _°
| _2015/03/12 _17ﬂ0°_4__-@2__l_-£°2_ B e |
| 2015/06/08 _  18:51:00 _-35-_02__'__-35-_02 o0 | ]
I 07 N 339 | _ 103 _[Singled fent, notverifiedby othersatellites |
_2015/09/25 | _ 20:06:00 o w2 | e | e oM
| 2016/01/13 | 140200 350 | 302 000 | | |
C wyie | zoe | e T _we [ _ew | |[ T T T
w009 | tsaee | s | s | oo | [T

2016/07/01 |, _16:08:00 S S T 1 S S N U | S ——
~ owosae_ | a0 [ _me T _se [_ow | || ]
“ o0y | e | se | wme | ew | v T
IZ0L /L2 T 0, 11: 00N S .02 B I > 02 0.00 _ |NoNoiseRiseDetected
[ wwoe | ma 1 _me | _we9 1 10 [ristoctectonottaBnoserse |
" oowmjoyos | _ masoo | _ asee | 339 | 103 |RepestidBroserse _ _ _ _
| _2017/06/02_ + _ 151200 ) 3502 | 3301 | 201 |Firstdetectionof 2dBnoiserise |
| 2017/06/20 165300 . 3502, 3399 ' 103  |TogglingbetweenldBand2dBnoiserise |
" owjoyor | s [ | -soe | -mor | _ 201 |ropgledbacktoazdsnaiserise __

2017/08/29 16:31:00 -35.02 -33.01 2.01 Current measurements indicate a 2 dB noise rise
| 017/0929 1 aaoreo [ 3502 3301 [ 201 _[Currentmeasurementsindicate a2dB noise rise
“souie | ot |35 | 3301|200 |Curentmeasurements indicate 2 208 noiserse
| 2017/12/14 181500 3502 d BB 0 Indicating a possible 3dB precursor |
[ aowoy1s | osazo | @ T 3301 | 201 _|Cumentmeasurementsindicate a2dB noise rise |
| _2018/01/20* + _ 08:14:00 1+ _ k02 | o301 201 |Current measurements indicate a2 dB noise rise
| 208022t I ozas0 T 3502, 3300 ' 201 [Currentmeasurements indicate a2 dB noise rise |
__2018/02/09 | 200400 | 3502 | - | - |Gatewaymalfunction, nomeasurement

-35.02 -ﬂ)l 2.01 Current measurements indicate a 2 dB noise rise

2018/03/17 17:21:00
_____|_____|____

* Night-time Measurement




MO083 - RHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (2.0 dB, +/- 0.5 dB)
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MO083 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

MO083-LHCP May2014 | P

Measurement u Level Noise
Measurement Reference i Comments

Start Time (GMT) . Measuremen| Rise (dB)
Date Noise Level (dBm) [
w0 | a0 | M | 0 000 lomseflooisedeteced |
2014/07/07 19:46:00 -34.02 -34.02 0.00 ]
| o7/ | 43700 Twe _ me [ ew | [T T T T T
_dmeepn L mee) | 8 | = | o (Gwesiiin Deoieges el e ieneiiamesed |
| owjoyss | wsare0 ) wme | ome Lo | W |
gy | swo L se | owe oo |
E@E+J@%J:ﬁ£43&+ﬂL__________
ooy | wow | owme | we Tew | ]
st [ msw  sse [ we [ oo || -
ﬁ@@+gﬁgjiﬂ&43& T I |
L oS L ey, - gl e Lan - )\ - - - ]
ooy [ wew | we ! owe [ |
“mgoys | mam 1 ww [ we [ oo | ([
I - O~ 7T v S | | —
_@wd:ﬁ@_f_@_ e oo | L ]
2016/08/24 19:40:00 -34.02 -34.02 0.00 B
| ogoyn e [ owe | owe e | N
g [ wew | me ome Tow ||
| oowjeps | wa0 T me [ e [ eo | 0
2017/04/06 13:34:00 -34.02 -34.02 0.00 |No noise floor rise detected
| owjos/ | as;200 | 300 301 [ 101 [rirstdetectionofaidnoiserise |
| oowjos/0 | 165300 | 3402 | 301 | 101 |indicatesatdsnoserise.
£@2+J§%J:ﬁ&4j@ 101 findicates o LdBnoiserise. _ _ ____|
0L 05 S o 5 R O - 3301 L0L _|indicatesaldBnoiserise. |




MO083 - LHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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MO089 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

089 - RHCP May 2014 SSPA Input
Measurement Measurement Reference Level Noise a—
Start Time (GMT) Noise Level |Measureme| Rise dB)
Date
(dBm) nt (dBm)
2014/05/30 14:44:00 -35.02 -35.02 0.00 No noise rise detected
_ ooz | w3 | ase | _QE_—'__OQ 1 n__ ]
e VTR Y. J so | oo | L _
o000 [ 00200 T se2 | s o0 | M ]
_2014/10/28 _L 22:27:00 _‘ 350 _|_ %0 | o000 | 1|
| oowjfoyie o w73se o 3se 1 o3see | oo | |
" omsjoym | assse | se | s e | |[ ]
| oososod | s | e ose [ e | )T
[ oo T asase  ase | s oo | | ]
B e S I - N I |
| 20150929 | 3200 e L ose | o | L |
| 2015/13/19 | 14:10:00 __’__ -35.02 -35.02 co0 | ]
"oty | e [ e e | oo | ||
| ooeoyo7 | w73ee0 350 1 3. | o0 | ff |
IR N T T T - T D | R
277 O O 0 = 70 S @ [ow |~ - T
2016/10/19 20:33:00 -35.02 35.02 0.00
2017/01/16 20:37:00 -35.02 35.02 —I_ 0.00
_200/03/14 | 222900 +:—@: se | oo |l ]
| 2017/05/08 | 140300 | 3502 _L_-35 02 000 [Nonoiserisedeteced |
2017/06/28 17:24:00 -35.02 -35.02 0.00 No noise rise detected
| 2017/09/28 __z?ﬂﬁ__‘ 30T 5um | % [curentmessenensidiar s 18 e g
" omyys | a0 | 3@ | 3502 | 000 [Tomgingbetweendband IdBnoiserise |
~2018/01/09 + _20:29:00 + -35.02 -34.03 099  |Current measurements indicate a 1dB noise rise|
[ Toigjoyis | tnse 3@ | 3403 | 095 [Curent messurements indicate 1dB noie ise
_oomg/oy/23* [ eso00 _ | 3502 | 3403 |_ 039 _|Current measurementsindicate a 1dB noise rise
I RN NE M N (W U T O T
2018/03/28 16:08:00 -35.02 -34.03 0.99 Current measurements indicate a 1 dB noise rise

* Night-time Measurement




MO089 - RHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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MO089 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

MO089 - LHCP SSPA Input Level .
Measurement Measurement | May 2014 Reference Measurement Noise T
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise dB)

_2014/0530 4 _ 144400 | _ 3399 3399 | 000 |Nonoiserisedetected |
_@/@2__@1@j_-_33.99_j_ﬁ99_ 00 . __ _fy |
_2014/08/13 | 18:13:00 _ﬁ9‘-’_4_@9_ L R I
| 2014/10/09 , 200200 . 3% , 8% | 0w | |
Cowos | ame | me [ me oo || T
| _2015/01/16 _17ﬁ0L4,_-33;99_+;3@__0£_____________
| 2015/02/17 155500 3399 = 00 4 - ]
_2015/06/04 | 1300 | 3899 | 38 . o0 [ 4
| 20150707 | 194500 . 2 38% . % | o000 | ¢ |
_20_15/(&/26__@7ﬂj_'_3399__+_£99_ 00  _ _fy |

_2015/09/29 21:32:00 -3399 -33.99 0.00
usfy29 | a0 | mee | mey o | [T T T T T
ooy w0 L me me [ o [l
T moyn | mtew | ms | ms | ow | | ]
| _2016/04/07 _17ﬂ00__‘__'33_-99__|__*33-ﬁ__0£_____________
| 2016/06/24 ' 234100 ' 3399 ' 3399 | o000 |  ff ]

_2016/07/29 | 174700 | 3399 |  -3399 0@ _{____ 1
| _06019 | 03300 | 3O 3% _toﬂ e
_20_17/‘£/16__£37ﬂ_‘f__-_3399__—|__£99_ o0 | _ _fr

_2017/03/14 4 22:29:00 _L 3% | 8 " w900 |
| 2017/05/08 14:08:00 o339 3399 N R |
C o | mam | ms | ms ow || ]
| _2017/09/28 _23£00__‘__'33_-99__|__'33-2__0&____‘1_______
| 00/19/15 . 192900 3399 3399 | 000 |Nonoiserisedetected |

_2018/01/09 | 202900 | 3399 | 3300 , 099 |CurrentmeasurementsindicatealdBnoiserise
| 2018/01/18 - _ 171500 — _BH_ — T300 | 0% _|Curent measurementsindicatea 1dBnoiserise |
| 2018/01/23* | 085900 ' 3399 1 3300 | 099 |CurrentmeasurementsindicatealdBnoiserise |

_2018/03/05 _L 22:45:00 _‘_ -33.99 _L 389 0.00 |Togglingbetween0dBand 1dBnoiserise
| 2018/03/28 _ 16:08:00 -33.99 -33.00 0.99 Toggling between 0dB and 1 dB noise rise

—

* Night-time Measurement




MO089 - LHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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M092 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

MO092 - RHCP SSPA Input Level
Measurement |May 2014 Reference P Noise
Measurement . ) Measurement . Comments
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise dB)
| _2014/06/25 _, _ 184700 | _ 3498, _ 349 | 000 |Nonoiserisedetected |
_@/wl__@oﬂj_-_%%_j_ﬂ%_ 60 | _ ) _ |
__2014/09/12 21:17:00 -34.98 -34.98 0.00

/o912 | I T I L Y- D I |

| 2014/09/30 | 165400 | 3498 3498 60 | _ - _ _ _ |
" oz | msee | aese | s | oo | | ]
| LT | o800 | M8 | M8 000 L o
| 2015/05/06 132000 = -3498 3498 ~00 0
_2015/07/02 | 214200 | 3498 | 4% | o000 | ) 0 _ _ _ __
| _2015/09/01 , _ 220200 | _ 3498, 349 | o000 | _ ff |
_@/%1__@4ﬂj_ﬁ-98_j_ﬂ9L o0  _ 4 - _ |
_ 2015121 | 64se0 | 408 | om0 000 | M
| 2016/03/11 . 184600 , 3497 2 - __-= 6w configuratipn incorrect, all traffic not removed |
ooy | mose | aese | s oo | | ]
| G060 | 1s2u00 | M98 | M8 000 L o
| 2016/08/26 212000 3498 3498 | o000 | || |
_2016/09/21 | 150000 _| 3498 | -34% L o000 | ¥
| _2016/11/20 | 223%00 | _ 3498 | _ 3498 [ 000 |Nonoiserisedetected |
| 2017/03/08 | 17:34:00 j _ 3498 j __ 3403 095 _|Current measurementsindicate a1dB noiserise |
_2017/04/05 | 164800 | 3498 | 3403 095 |CurentmeasurementsindicatealdBnoiserise
| 2017/06/01 ,  18:37.00 , 3498 , 3403 | 095 |CurrentmeasurementsindicatealdBnoiserise |
[ owjoens | 220m00 | 3438 | 3403 | 09 |CurrentmeasurementsindicatealdBnoiserise |
| _2Uj06s | 7Su00 | 498 | 408 | 09 _Currentmeasurements indicate aldBnoiserise |
| 2017/09/8 172600 -34%8  -3403 | 09 |CurrentmeasurementsindicatealdBnoiserise
_2007/11/17 | 2L57:00 | 3498 | 3403 , 095  |CurrentmeasurementsindicatealdBnoiserise
oooyoe | 162000 | 3% | 303 | 0% _|cumentmeasurements ndicate a1dB noiserise _|
| 2018/02/08 1  23:28:00 _—‘_ _ A% _—|_ _ 3403 0.95__ |Current measurements indicate a 1dB noise rise |
_2018/03/01 _L 17:21:00 _‘_ -34.98 _L _-34.03 0.95 |Current measurements indicate a 1dB noise rise




M092 - RHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (1.0 dB, +/- 0.5 dB)
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M092 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

MO092 - LHCP SSPA Input Level .
Measurement (May 2014 Reference Noise
Measurement X Measurement X Comments
Start Time (GMT) [ Noise Level (dBm) Rise dB)
Date (dBm)

| _2014/06/25 , _ 184700 | _ 3487 | _ 3497 | 000 |Nonoiserisedetected |
| 2014/07/21 1 18:30:00 _i1~9ij_ﬂ9L B |

_2014/09/12 4 21700 | -3497 4 397 ' 900 | W
| 2014/09/30 16:54:00 3497, 349 [ o0 | | ]
" ooz | mseo [ s s o | | T T
e A VR R R o P L TR " U R | S ——
| 2015/05/06 132000 o -3497 -34.97 o000 | ]
_0i5/07/02 | 204200 | 3497 | M, o000 | _ §
| _2015/09/01 _, _ 22:02:00 M o o7 | o000 | 0 {0 ]
| 2015/10/21 1 15:54:00 _-_34~97__7L_ﬂ97_ L e |
__ 20151221 | 164500 97 | %y o0 | ff
| 2016/03/11 184600 | 3497 - __ |Gw configura pn incorrect, all traffic not removed _|
ooy | s | sy | s  ow || ]
R R
| 2016/08/26 2121:00 3497 -3497 4 o0 | 1
_2016/09/21 | 15:00:00 -34.97 %9 o000 | ¥
| _06/11/22 | 23900 | 397 | 397 _ | 000 |Nonoiserisedetected |
| 2017/03/08 |  17:34:00 | -34.97 j __ 3300 | 19 |CurrentmeasurementsindicatealdBnoiserise |
_2017/04/05 | 164800 | 3497 | 3301 19  |Curentmeasurements indicatealdBnoiserise
| 2017/06/01 ,  1837.00 | = 3497 ,  -3301 19  |Current measurements indicate a1dB noiserise _|
| 2017/06/16 | 220100 | 3497 _t 3801 19 _|Current measurementsindicate aldB noiserise |
| XU/ | 175100y 4% | 3301 | 1% _|Currentmeasurementsindicate 2 1dBnoise ise
| 2017/09/28 172600 | = 3497 3300 | 19 |Currentmeasurements indicatealdBnoiserise |
__2007//17 | 215700 | 3497 | 3300 , 19 |Currentmeasurementsindicate aldBnoiserise
ooy | 62000 | 34 | 300 | 1% _|Cumentmeasurements indicate s 1dB noiserise
| 2018/02/08 | 232800 |  -34.97 j _ 3301 19 _|Current measurements indicate a1dB noiserise |

2018/03/01 _L 17:21:00 3497 _‘_ -33.01 1.96 _|Current measurements indicate a 1dB noise rise
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MO095 - RHCP Transponder - 5 GHz Noise Floor Measuremen

t Timeline (2.0 dB, +/- 0.5 dB)

MO095- RHCP SSPA Input Level .
Measurement Measurement |May 2014 Reference Measurement Noise —
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise dB)
2014/05/29 15!53!00 _‘_ -35.03 _l_ -35 03 0.00 No noise r|se_dete_cted_ _____
2014/06/20 17:35:00 35.03 -35.03 1_ 0.00
[ oo | aseseo T w1 e | ew | | ]
_oowosns [ nedvoo [ msos [ wses o [ |
_ 2014/09/05 _|_ 14:31:00 3503 30 | o0 | I{
| 2014/09/25 154200 303 -35.03 o0 | 1L
oz [ w0 [ s [ mse e [T T
_ 2015/05/12 _ 190700 4_ _ %03 _|_ _ %0 ' 000 } ¢ ]
2015/07/01 12:59:00 -35.03 -35.03 0.00
s 1 s [ e [ me o | | -
__2015/10/26 | _ 22:55:00 _ 3508 _L _ 3503 60 | W
2015/12/16 15:34:00 35.03 3503 | 000
RN T 7 - R I |
_2016/03/14 | 15:37:00 _L -35.03 _L -35.03 o0 |
2016/05/06 18:24:00 000 o
_20_15/‘&01__&582___-____-_ B I |
_2016/10/24 _L 21:15:00 _‘_ 3503 _I_ 3503 0.00 -
2017/01/17 22:18:00 -35.03 -35.03 0.00 Jl
E EEE . T e e e e

__2017/05/03 [ 172900 -

| _2007/06/06 | 151600 | 3503 TR T
| oo I maseo T sses T moe | o9
| w0 [ ases [ me 1%
_oujs | G0 | @ s | iw |
2017/10/24 18:37:00 .

_200y/15 _ | _ 191800 - ‘ 199
| aoifolfos | T onswe0 | 3503 mod | 19|
[ oy | ssesc0 T s 1 mos | s
_oomgoyssr | osase0 | o3 | s | 199
| oolsoy2s | tsase0 | 3503 . 304 | 199
" aowjoyor | et | e |
oyoyos | onane0 | B8 wme | iw |
| 2018/03/05* 07:12:00 -35.03 -33.04 1.99

No noise rise detected
First detection of 2dB noise rise

Current measurements indicate a 2 dB noise rise
Current measurements indicate a 2 dB noise rise

* Night-time measurements
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MO095 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (1.0 dB, +/- 0.5 dB)

2015/02/12 19:03:00

2015/05/12 19'07'00 _4_ __ 3400 + _-3400 I 0.00 |
| 2015/07/01 12:59:00 _—342 . ;34% _L _000_ i
sy | s | s | mm | 000

2015/10/26 22:55:00 +

MO095 - LHCP SSPA Input Level
Measurement |May 2014 Reference nput teve Noise
Measurement . ) Measurement | Comments
Start Time (GMT) | Noise Level (dBm) Rise dB)
Date (dBm)
_ 0140525 | 165300 | 3400 | 3400 0% |Nonoiserisedetected
2014/05/29 + 17:35:00 _‘_ -34.00 + -34.00 T 0.00
| 20140620 1 150900 | 340 . 300 | o000 | fp |
_oowjogs0 [ 1oavo0 [ a0 [ a0 o0 |
| _owos/1s | 143w00 ) 400 40 | o0 | )
2014/09/05 154200 -34.00 -34.00 0.00

| 2018/02/28 15:28:00 . 3299 | 101

" wweyor | eiteo | s | - T

[ g/t | orawo | om0 - e [ s ]
2018/03/05* 07:12:00 -34.00 -32.99 1.01

| —

[ P — I I I B

Current measurements indicate a 1 dB noise rise

2015/12/16 15:34:00 X b b
ooy | pae [ s 1 s e [T T T T
_ ooy | 1530 | om0 | meo o0 | W
2016/05/06 18:24:00 -34.00 -34.00 0.00
Taowogor | asssoo | as 1w | oo ||
_oowaoe | uaswo | om0 | a0 T oow | Ny
| _201@1/& _22&00_ _-34.00_ _—3@ . _Oﬁ _Elon_oise_rise@:e&ed ______
2017/02/09 15:41:00 -34.00 -32.99 | 1.01  |First detection of 1dB noise rise
_017/05/03 | 172900 | 3400 | 3299 101 |current measurements indicate a 1dB noise rise
I - R B R M 7 _t1£ _|current measurements indicate a 1dB noise ise __
| zowjosa | azaseo 1 3400 [ 399 | 101 cumentmeasurements indicate i dBnoiserise |
2017/07/27 T 18:32:00 -34.00 T -32.99 1.01 Current measurements indicate a 1 dB noise rise
o | a0 | +—_3ir_+_7£ " |Current messurements indicate 2 1B noise rise |
2017/10/24 18:37:00 -34.00 Current measurements indicate a 1 dB noise rise
2017/11/15 19:18:00 Current measurements indicate a 1 dB noise rise
©2018/01/09 | 21:34:00 -34.00 32.99 101 |Togglingbetween0dBand 1dBnoise rise
| a08/0y17__ __ﬂgﬂ__—‘___iTOL__—t___ﬁ?L__\__LH__ Current measurements indicate a 1dB noise rise _ |
2018/02/28* 09:25:00 Current measurements indicate a 1 dB noise rise

* Night-time measurements
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MO096 - RHCP Transponder - 5 GHz Noise Floor Measuremen

t Timeline (1.0 dB, +/- 0.5 dB)

I\/I\Ilcle(:ngsz;eR:::t Measurement (May 2014 Reference Si::;:uprztnl":::l Noise a—
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise dB)
2014/05/15 14:30:00 -35.03 -35.03 0.00 No noise rise ¢ detected
2014/08/01 18:15:00 -35.03 -35.03 T 0.00
04103 | 21200 | 3s03 | 3503 | o000 | |
on | sew [ e[ se L ow ||| ]

|Gw configurat

Cooym Yoo | w0 | | _om |
2015/03/11 13:44:00 35.03 -
T B e
| _aowsjoons | mseo0 | s | s | oo |
| 201511/ 16:21:00 EEE TR T
Cmgws | sow | we | we | om
Coogoyu | mwe | mm | s | ow_|
2016/08/30 13:08:00 35.03 3508 | 000
N wie o
_ 061y | 153800 | 3503 | -35.08 0.00
omees | a0 | e me | oo |
awn | maw T e mw | 10
_2017/0630 | 202500 | 303 | 8% 107
2017/07/31 17:56:00 03 3% | 107 |
B T S S
w7 | 02900 [ 3508 | -339% 107
| w0 | %6 | e _tl o
| 2007/12/17 22:30:00 N TR T
| wwgoyor [ wezze0 | s [ s 107
o | _wos | se__ | s | o |
[ ooy T s | e T mw | 10
2018/02/10* 08:06:00 B0 | 3% 107
| _2018/02/12 _ +__Fiﬁ_ JF___aﬂa___ +__¥ie__ ~ 10|
2018/03/02* 09:17:00 3503 33.96 107
_owoyjos [ o900 [ o3 [ w107

I RS S

* Night-time measurement
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08:15:00 08:16:00 08:17:00 08:18:00 08:19:00 08:20:00 08:21:00 08:22:00 08:23:00
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Measurement i
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MO096 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

M096 - LHCP SSPA Input Level X
Measurement Measurement |May 2014 Reference Measurement Noise .
Date Start Time (GMT) | Noise Level (dBm) (dBm) Rise dB)
| 20140515 | 143000 | _ 3498 | _ 498 _ | 000 |Nonoiserisedetected  _ _ _ _ _|
[ awioyor | msswo T wm T s e | [ ]
_004/20/83 | 21200 _EL4;@ir@____ _______
2014/10/27 18:48:00 34.98 -34.98 0.00
[ otsjoun | resoo0 | sess | mes | om | | ]
| _2015/03/11 ﬁﬂL+;@_+_;;t;jw@MM%M@wwL
oowjos/s T o0 T a4 ! s | o | | ]
_osjog/8 | se0 | s [ s . o0 [ N[
o3 16200 | dse_ s | o | f)
[ awioyss T oo T sas 1 s owy | |[ . )
_ooejoynr | agdo0 | s | omes L o0 |
003, 130800 348, ds | o | ||~ ]
"oy | mtso | s | me | ow | | ]
2016/11/17 15:38:00 -34.98 -34.98 0.00
_@w@__@w;+;wLﬁ_ﬁ& o0 | W ]
_owjoyio [ w0 [ 349 [ 3% | 000 [Nonoiserisedeteced
| _0U/06/30 | 202500 | _ 3498 _ 398 _ [0 |Nonoiserisedetected |
[ | zesw T s e | 1% [Grentmeswemensindiotes 2 nose e
-33.02 1.96 Current measurements indicate a 2 dB noise rise




MO096 - LHCP Transponder Daytime 5 GHz Noise Floor Measurement Charts (2.0 dB, +/- 0.5 dB)
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MO097 - RHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

| 2014/09/19 _L 14:01:00

2015/05/07 18:10:00

2015/08/04 18:14:00

| 015/12/17 | 130900

| 2016/05/09 _L 15:31:00

g [ o0 |
2016/ 10/ 20 19:04:00
onpoyn 230

| ojoyi0 [ w3t

2018/02/07 18:04:00

|y | oot
_2018/0331 | _22:06:00

2015/02/13 16:39.00

| 2015/10/22 " 20:44:00 _L____

3501
+ ET

_2016/01/19 | 20:48:00 o

2016/06/08 14:16:00

_2017/05/04 14:44:00 T

M097-RHCP SSPA Input Level
Measurement | May 2014 Reference 3
Measurement . . Measurement Comments
Start Time (GMT) | Noise Level (dBm)
Date (dBm)
| 2014/05/22 16:26:00 _-3%01 __|Nonoise floor rise detected
| o513 _[ 170800 TR T | I
Tawoios | s | o ma | om | || ]
2014/08/29 14:04:00 + -35.01

-35.01

r -35.01

-35.01
—~_ -35.01

T _iiﬁ T

T _r 000
3501

‘t__e&ﬁ_

No noise floor rise detected
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MO097 - LHCP Transponder - 5 GHz Noise Floor Measurement Timeline (2.0 dB, +/- 0.5 dB)

MO097-LHCP SSPA Input Level .
Measurement | May 2014 Reference Noise
Measurement X Measurement X Comments
Date Start Time (GMT) [ Noise Level (dBm) (dBm) Rise (dB)
| ooy | 162600 | 3% 3% 000 |Nonoisefioor isedetected |
_@@L_@%+_ELJ:ﬁ£_Jﬂ_________
| o0w/o8/05 | 195500 ue_ | ome | ow [ [ |
_owoyn | wow0_ | _sase s oo | |
T o T T N TS Y™ S T Y [ |
| 015013 | 163900 wes_ | s | ow | M ]
_2015/05/07 + (182000 | -349% + _-349% _I_ U R |
2015/08/04 18 14 00 L _34& L _—3@ . ﬂ) -
2015/10/22 20:44:00 4% | %% | o000 |
£@£+EWJ:Jﬁ_ B M I |
_2006/019 | 204800 T S T 2 A |
[ oeoye | werow | mse | ass [ oo |
_wmgjosjos | g0 | wse ) wse g oo | ]
| w68 | w600 | s% . s oo [ N ]
_@@L_@&+_yLJ:ﬁ£_Jﬁ_________
om0 | s L mss | omss | o0 | &
2017/01/11 | 20:36:00 3% -34.96 0.00  [Nonoisefloorrise detected |
_@@L_@&+_ﬂLJ:£&J:@Jw@w@wﬂL_
| 2017/05/04 | 14:44:00 34.96 _j_ -33.99 _L 0.97 |indicatesaldBnoiserise |
__2017/08/01 _ @0_]__ _ %A% -33.00 196 |Firstdetectionofa2dBnoiserise |
o 1 sww | s 1 o 1 i ndeesissee
| 007/10/03 | 211100 #%_ | B0 | 19 |ndicatesa2dBnoiserise
_20wj10/22 | 233800 | 34% | -33.00 19 _|[indicatesa2dBnoiserise |
awjn T sme | sass 1 s | 1% [ndctesszdsnoserse
2018/01/06 19:47:00 -34.96 __-33.00 1% | Indicates a 2 dBnoise rise
| 2018/02/07 18:04:00 -34.96 -33.99 097 |Toggling between 1dB and 2 dB noise rise |
_WWﬂ:%%+_ELJ:£%J1£ﬂM@@%£___
-34.96 33.00 1.96 Indicates a 2dB noise rise

* Night-time measurements
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Analysis and Impact of Noise Rise
on Feeder Uplinks of
Globalstar Mobile Satellite Network

Summary

In 2014 the Federal Communications Commission issued a Report and Order allowing unlimited
outdoor deployment of unlicensed Wi-Fi access points (“APs”) in the U.S. “U-NII-1” band, spectrum
that includes IEEE 802.11ac channels at 5170-5250 MHz. These channels overlap the licensed
5096-5250 MHz fixed feeder uplink band for Globalstar, Inc.’s (“Globalstar’s”) Mobile Satellite
Service (MSS). Beginning in February, 2017, despite FCC access point requirements limiting vertical
emissions, Globalstar began observing a rising noise floor in the feeder uplink spectrum for its
satellites operating over the U.S. In June, 2017 Globalstar began to measure consistently a 1 + 0.5
dB noise level rise at 5096-5250 MHz, and in October 2017 began regularly observing 2 + 0.5 dB
noise level increases compared to 2014 levels. The noise floor rise is highly likely to be caused by
the aggregated emissions of outdoor U-NII-1 access points deployed across the United States, since
no other emission sources have been identified that could produce this effect. These noise rise
levels are produced by 1.8 + 0.8 dB and 3.3 + 0.7 dB noise rises, respectively, in the U-NII-1 band at
5170-5250 MHz where IEEE 802.11ac based Wi-Fi networks operate. Significantly, no increase in
the noise is measured by Globalstar satellites when in view of oceans, or in view of Europe or
Australia where outdoor access points are not permitted.

Technical analysis shows that a 1 dB noise rise at Globalstar satellites operating over the U.S is
consistent with the deployment of approximately one million outdoor U-NII-1 access points
operating at an average transmitter busy-period duty cycle of 10%. Other combinations of likely
duty cycles and numbers of outdoor U-NII-1 access points can produce the same noise rise. For
example, 250,000 APs operating at an average duty cycle of 40%, or 500,000 APs operating at an
average duty cycle of 20%, produce the same noise rise. The analysis assumes the access points
comply with FCC transmit power and antenna gain regulations.

Based on cable industry filings with the FCC that indicate that there were approximately 10 million
U-NII-1 total indoor and outdoor access points deployed by cable operators in the U.S as of July
2017, the 1 dB noise rise observed by Globalstar can be attributed to cable industry outdoor
deployments of 250,000 to one million access points, depending on their average duty cycle. In all
likelihood, the number of outdoor U-NII-1 access points in the U.S. today is much higher than the
maximum 250,000 outdoor U-NII-1 access points and 1 dB noise rise projected in 2014 by the cable
industry in its 2014 FCC filing.

Technical analysis also shows that the current level of noise rise due to Wi-Fi interference is
causing Globalstar user capacity and satellite power amplifier capacity degradations, as well as user
coverage and call quality degradation. In October 2017, Globalstar’s call-handling capacity in an
area equivalent to more than half the area of the contiguous US was likely reduced by as much as
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6%. The analysis shows that if (i) the number of outdoor U-NII-1 access points in the U.S. increases
at industry projected rates of 35-43% per year and (ii) average access point duty cycles reach 20%
due to an increased number of users and/or greater data per user, then by 2022 Globalstar will
suffer a degradation to its MSS traffic-handling capacity as great as 35%, along with further voice
call quality degradation and data transmission impairments. This degradation is based on the
relationship between noise rise in Globalstar’s feeder uplink spectrum and the concomitant
degradation to Globalstar’s satellite-to-handset downlink, due to the “bent pipe” nature of
Globalstar’s satellite communication architecture.

Degradation due to interference will be most acutely felt by life-critical users of Globalstar’s
satellites during large scale disaster events such as Hurricane Katrina in 2005. During that event,
Globalstar satellites operated at 78% of capacity in specific spot beams. If a similar event occurs in
2021, when a noise rise of 5 dB as measured by Globalstar’s satellites in 5096-5250 MHz is
expected to occur, Globalstar satellites would not be able to handle that level of traffic. User voice
and data traffic above that level will cause an increase in failed and dropped calls and a reduced
satellite service area for all users. Notably, due to the increase in voice and data users on
Globalstar’s network since 2005, traffic demand during disasters can be expected to be higher in
2021.

Currently, there is no method for limiting the number of outdoor U-NII-1 access points operating
within the continental U.S., a region that represents only a portion of the geographic area (with a
7800 km diameter) within which U-NII-1 access points contribute to aggregate interference to
Globalstar’s feeder uplink. In addition to the outdoor U-NII-1 access points deployed by commercial
operators, other outdoor U-NII-1 access point operations could exacerbate this aggregate
interference in the future. The majority of “self-provisioned” consumer-grade access points
available in the U.S. through online or “brick and mortar” retailers - including APs capable of
operating outdoors - support U-NII-1 operation. In addition, U.S. cellular operators indicate that,
based on recent field trials of LTE-U (LTE-unlicensed) and LAA (License Assisted Access) for
supplemental downlink operations in 5150-5250 MHz, they plan to widely deploy LTE systems at 5
GHz (including outdoor systems) in 2018. The existence of unlicensed LTE operations in U-NII-1
was not even foreseen, much less considered, in the 2014 Report and Order.

Significantly, the degradation to Globalstar’s mobile satellite operations is not limited to the U.S. but
is manifested in areas of the satellite downlink coverage footprint which extends into Canada,
Mexico, the Caribbean, and Central and South America when the satellite is operating over the
United States. Given that such MSS communications normally involve safety of life situations, the
consequences of such degraded services, especially during large-scale natural or man-made
disasters, could be devastating. Accordingly, the Commission should take action to protect
Globalstar’s licensed MSS feeder link spectrum at 5096-5250 MHz and its MSS service downlink to
customers in the 2.4 GHz band from harmful aggregate interference from unlicensed, outdoor U-
NII-1 systems.



@ Roberson and Associates, LLC

Technology and Management Consultants

Table of Contents
R0Y 00000001 P 2
Lo IIETOAUCTION coueeieeteeeeeect et ece e esse e ses s b s s bbb s AR E s R bR Rt e 7
2. Globalstar Overview and Feeder Uplink Interference SCeNario......mssmesssssssesss 7
0 Q€200 oF=1 ] U g N ol 01 LTt PP 7
2.2 Globalstar Feeder Uplink INterference SCENATIO ... eermeemeesseeseesseessessseesssessesssesessesssesssssssesssssssessens 7
2.3 Globalstar and Wi-Fi Access Point Frequency PIAns ... ssssssesssssssssssssssssanes 9
3. Noise Rise Measured by GloDalStar ... s ssssssssssssens 13
3.1 Example Noise Rise Measurement on Globalstar UplinK.......c.ceeneeenerneseenseeseesseeeseeseesns 13
3.2 Evidence That Satellite Noise Rise is Due to Wi-Fi Interference in 5170-5250 MHz ................. 14
4. Analysis of Noise Rise in the Feeder Uplink Due to Wi-Fi Access Point Deployment........cccccoeeereeenn. 15
4.1 INLETTEIENCE MOGEL ....ceieeiereeeireeece ettt et ss s s s s R e a e 15
4.1.1 Unlicensed Wi-Fi Access Point CharacteriStiCs .....mmissssssssssssssssssssssssans 16
4.1.2 INtErfErenCe MOAEL. . ettt s bbb s b b 17
4.1.3 NOISE RiSE RESUILS....cuieerirersineisnessss s ssss s ssss s ssssssssssessss s sssssssssssssssssssssasssaes 19
5. Comparison of Predicted, Measured, and Future Noise Rise (Interference) ........eeonmeennees 24
5.1 Number of Unlicensed Access Points Deployed in 2017 ......eneenceneenseenseeneessesseesseesessesssesssessesans 24
5.2 Noise Rise in 5170-5250 MHz and Comparison of Predicted and Measured Noise Rise............ 25
5.3 Predicted Noise Rise in Affected CDMA Channels .......ooeeerneeeesnnesneesseesssesseesseessssssssssseessssssessnes 26
5.3.1 Comparison of Predicted and Actual Noise Rise in 5170-5250 MHzZ.......cccouueemrnmenneseensenneeneens 27
5.3.2 Relationship of Noise Rise to Number of Access Points and Their Duty Cycle ........ccoenuuneee. 30
5.3.3 Forecast of Future Interference and Noise Rise INCreases........coeneemeenmerseesseessseesseesseeens 30
6. Operational Impact to Globalstar by Noise Rise in the Feeder UplinK ........coooeneonrncneneenneenecneesnenneens 33
6.1 Assessment Of INtErference EffECtS......o st sssss s sssess s sssesssessssssans 34
6.2 Relationship Between Uplink and Downlink Degradation .........eeeeerneeeesneeesseesseesseeens 34
6.3 Impact on Globalstar CDMA CAPaCILY «..uweeereeeeeseeseessermesseesssesssesssessssssssesssessssesssssssessssssssesssssssssssessssssssees 35
6.3.1 APPIOACK ettt bbb R R R R 36
6.4 Impact on Satellite RF Power Capacity AVailable ... sesseseessesssesseens 39
6.5 Impact on Globalstar Geographic Service Availability ... seesseesseesseeens 44
6.6 Real-World Impact 0n GlODAIStAr USETS .....veeeereesreesseeeseeseeseessesseessessesssessssssssesssessssssssesssessssssssssssessanes 45
7. Impact to Globalstar as a Function of the Number of Wi-Fi Access Points Deployed and Access
POINE DULY CY L .ottt eeseesse s es s s s s s R s R R s e 46
7.1 CDMA CapaCity IMPACT..ccvreererrerrsrssessesesesesssessessessesssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssasessssssssssness 46
7.2 RF POWer Capacity IMPAC.....cunrnrnneesessesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssess 47
8. Sources of Noise Rise Other Than Carrier Wi-Fi..... s esssssssssssssssssnses 48



@ Roberson and Associates, LLC

Technology and Management Consultants

8.1 Sources INternal t0 GIODAISTAT ... cueerreeerrere e sses s ssss s esss s et e s s s s ssssans 48
8.1.1 Change in Satellite Components or Noise Figure INCrease ... eoneneenseenseseesseeseessesneens 48
8.1.2 Diurnal Effects 0n the SAtellite ... neeseeseesseesesseesesssss s sesssessessssssssssessssssss s ssssssssssssssas 48

8.2 Sources of Noise Rise External to GlODAISTAr ........occeerereernerneesseeesseesseessesessessssessesssesssssssssssesssessssssssees 49
8.2.1 Government AUthOTIZEed EMITEETS. .....oruierieecereereieesseeseiseesseeecs s sssssssessssssessssssessss s ssssssssssssssanes 49

8.2.1.1 ACTOMACS ... eeesrereetrestssssssessessssssssssssssss s e sss s s s s s s s e e ns s nnes 49
8.2.1.2 Unmanned Aircraft SYStemMS (UAS) .. ereerreeeeseesserseessessssessesssessssssssssssesssssssssessessssssssessans 49

8.2.2 Commercial Sources of External INterference ... ssessseessesseens 50
8.2.2.1 LTE-U and LAA Supplemental DOWNINK......cocoeerneereenneeeesseessnessessssesseessesssessssesssesssessees 50
8.2.2.2 Wireless Internet Service Provider (WISP) NetWOTrKS......ccouenenneeneceneeseenerseesseeseeseessesnees 52

8.2.3 ConSUMET ACCESS POINES ..ot s s 52
8.2.4 Summary of Potential Other Sources of Interference to Globalstar..........conenennens 52

O. CONCIUSIONS .cevevreueinesseesreessesesssesseesse s esss s s es s es s s s s R R R RS R AR R R AR et nnas 53
9.1 Impact on Globalstar Operations Caused by Outdoor Wi-Fi Access Point Deployment.............. 53
0.2 RECOMIMENAATION .uvrvreuiaersesseesnesssessssssessss e es s sss st s ssse bbb e bR 54
Appendix A: Urbanized Areas and Expected ACCESS POINLS ... ceeereeeerneeernrerseesseeesseesseesseessesseesssessesnnes 55
Appendix B: Unlicensed Access Point Antenna Parameters..... s 57

Interference Power Flux Density LiINK BUAZELS .....coccoieieneeenneeneenneisseisesesssessessesssssssssssssssssssssssssssssssessssenas 58

Example Access POINt DEPIOYIMENT ......cueereerrmeereesseeeeesseesseessessseessesssssssessseesssesssesssessssssssssssessssssssesssssssessens 59

Example Mountain View California DePlOYMENT ... eeceemeessermeesseesseeeseeseessesssesssesssessseessessssessssessessans 59

Example 2018 Outdoor LTE Deployment in ChiCAZ0 ......ueereerreeenmeemseesseeeseeseesseessesssessssessesssesssssssesseees 60

Appendix C: Impact of Access Point Interference on CDMA Downlink Capacity.......cmeneenmeereceseeenne 61
C.1 Interference Characterization in the Globalstar CDMA DownlinK........ooccneeneernmeenmeesnecenseesseesseeens 61
Appendix D: Geometry of Satellite to Ground Path .......nenenecneeeeeeseeseesseessessssesseesseesssesssssees 63
BUIIAING SHAAOWS ..ottt esst st s s s s bbb bbb 65
Appendix E: Power Flux Density of INtErfEreNCe ...t ssesssessssssssesssssssssssssssssesns 68

Average Interference POWer FIUX DENSILY .....ocrereerneeneesseeeseeseessesssssssessssessesssesssessssssssesssssssssssssssssssssessaes 70

North American Continental Land Mass CONSiderations........eeeeessermeeessssessmesssessssesssessssssessessans 72

NOTTh AMETICAN CONITENT. .ccuuieuureureeseereerseesseessees s esess s s ssse s ss s s e s es b b s R s 73

Appendix F. Best Wireless ROULErS 0f 2018 ... ssssssssssssssssssssssssssssssssssssssssssssssssssans 74
Appendix G. Chicago Area 5 GHZ DIiVe TSt .. sssesssessssssssssssessssssssssssessans 75
Appendix H: COMPANY PIOfIle ... sereseesseessesssssssessss s seesssesssess s sssssssssssssssssessssssssesssasssessssesss 76



@ Roberson and Associates, LLC

Technology and Management Consultants

List of Figures

Figure 1: Globalstar INterferenCe SCENATIO ... ereeerreseerserseeeseesseessessssssssesssesss s s ss st sessssssssesssesssssssssesas 8
Figure 2: Globalstar Gateway Uplink Satellite Footprints for North America.......oeeensreneeesseesseennee 9
Figure 3: Globalstar Frequency Plan and U-NII-1 Band Interference Scenario.........ooeneeneessenserneens 10
Figure 4: Satellite Downlink Spots, with Area Degraded by Uplink Interference Shaded ...................... 11
Figure 5: Feeder UPliNK CDMA GrOUPS....cueeeeeeseeeseeesseesssesseessssssssssssssssesssessssssssesssasssesssssssssssssssssssssssssssssssssessanes 12
Figure 6: Power at Input to S-Band Amplifiers, [llustrating Noise Rise Over U.S. .......cconmnmeernmernreereeens 14
Figure 7: Average Interference POWer FIUX DeNSItY ..o seiseiecssessessesssesssssesssesssssesssessssssesnes 20
Figure 8: Noise Rise in 150 MHz Uplink for Number of APs (mix of antenna types).......meeneeenees 20
Figure 9: Noise Rise vs. Interference POWer FIUX DensSity.....c.onenneeneenseeneesenessseesessesssessesssssesssesesees 22
Figure 10: Noise Rise Contours for APs with Omni Stick ANteNNASs .......cereeermeereeereeesseeseesseerseeseesseesssesees 23
Figure 11: (C/N)otal for Interference to NOiSE RAtiO ...coeceeereeereeemeeserseeseesssessessseessesssseesseessssssssessessssssessees 24
Figure 12: Noise Rise Contours for Measured NOiSE RiSe ......cccuenreneenrirnecenseneensesessseseessessesssessesssesssesseenns 25
Figure 13: Average Interference Power Flux Density for Omni-Stick Antenna........cooneeseenseereesesernnees 27
Figure 14: Noise Rise in 5170-5250 MHz versus Number of Outdoor APs and Duty Cycle................... 28
Figure 15: Noise Rise Contours in 5170-5250 MHz for Omni-Stick ANteNnnas .......coeeeseerneeeseeseeeneens 30
Figure 16: Projected U-NII-1 Access Point Growth, 2017-2022 for Base of One Million ........cccccovuuuneee. 31
Figure 17: Projected Noise Rise Increase, 2017-2022, Due to Access Point Growth .........cccoueceneenneeneee 32
Figure 18: Downlink Degradation Due to Uplink NOiS€ RiS€ .....cccoucmenreuneereenneuseeneeseineciseeseisessseesesseesesssesnees 35
Figure 19: Relative Globalstar CDMA Capacity in Spot Beams 0-7 as a Function of Uplink Noise Rise
Due to Aggregated Wi-Fi access point Interference, 2017-2022......cccoenmernmeereeenseeseesseessssssssessesssssssessees 39

Figure 20: Degradation in Satellite RF Power Available to Users Due to Access Point Interference .42
Figure 21: Relative RF Power Capacity Due to Power Consumed by Wi-Fi Access Point Interference

....................................................................................................................................................................................................... 43
Figure 22: Qualitative Illustration of Impact of Degraded Signal-to-Noise-plus-Interference on
0] o F= I 72N D 10104 013 45
Figure 23: CDMA Capacity Degradation vsS NUMDET Of APS .....oiecnennenesesressecssesessessessssssesssssssessees 46
Figure 24: RF Power Capacity Degradation vS NUMDET Of APS ... ssseeessssessessesenees 47
Figure 25: 3GPP Band 46 and Globalstar Feeder UPlInK ... seeesseesseessessessseessesseees 50
Figure 26: Outdoor Access Point Deployment, September 2017 .......oeneeseeensesessesssessessssssnees 59
Figure 27: Hotspots in Mountain View In 2017 ... 60
Figure 28: LAA Small Cell Site in CRICAZO ...vveureereeeeeereeeseesseisesssesssesssesssesssesssssssssesssessssssssssssssssssssssssssssssssssssassssees 60
Figure 29: Illustration of Inherent CDMA Downlink Interference.......eeeeeeneeenseeseesssesnseeees 61
Figure 30: Spectrum AnalyZer PIOt 5 -5.25 GHZ ..ottt sesssssss s sssesss s nees 75
Figure 31: Drive Test Route, SChaumbUIE, IL ... eeeeeereerseieesseessessessseesssessseessessssssssssssssssssssssssssssssssesssees 75
List of Tables

Table 1. Satellite DOWNIinK SPOt BEAIM ATEAS .....ccueuriereueeseeresseeseessessessssssessssssssssssssssssssssesssssssssssssssesssesssssssans 12
Table 2. Average Power Flux Densities for Different Access Point ANtennas ........ccocneeneenseereeseeseceneenne 18
Table 3. Globalstar CDMA Parameters.... s s 38
Table 4. Impact of Access Point Interference on Satellite RF POWeT ... 41



@ Roberson and Associates, LLC

Technology and Management Consultants

Table A-1. Summary of Urban Density and NUMDbBer Of APS......sssssssssssssesns 55
Table A-2. North AMerican UrDamn ATEAS .......cceeereenerseseessessessessssssssessssssssssssssssssssssssssssssssssssssssssssessssssans 56
Table B-1. Interference Power Flux Density for Different ANtennas .......oooneeneenecneenseeneeseenseeseesesneees 58

1. Introduction

This document provides an analysis of the noise rise measured by Globalstar in the fixed feeder
uplinks of its satellites at 5096-5250 MHz over the United States in 2017 and 2018. The potential
sources of the increased noise are investigated, with the conclusion that it is highly likely that the
primary cause of this noise rise is aggregate interference from outdoor Wi-Fi access points
operating in the U-NII-1 band at 5170-5250 MHz.! The document compares the expected
interference resulting from the authorization of outdoor U-NII-1 access points in the U.S. to the
actual measured interference to Globalstar feeder uplinks, as measured at Globalstar’s satellites.
The document analyzes the impact of this noise rise on Globalstar operations and assesses the
current and potential future degradation to Globalstar’s MSS capacity and functionality resulting
from this harmful aggregate interference from outdoor U-NII-1 access point deployments.

2. Globalstar Overview and Feeder Uplink Interference Scenario

2.1 Globalstar Architecture

Globalstar currently operates a full-duplex global mobile satellite service using a constellation of
non-geostationary low earth orbit satellites.2 The Globalstar system architecture includes earth
station “gateways” which interconnect with terrestrial networks and communicate to the satellites
using a 5096-5250 MHz uplink and a 7 GHz downlink. For communications to the mobile user
handheld devices, transponders on the satellite convert 5 GHz uplink signals conveying user
information on multiple CDMA channels to 2483.5-2500 MHz for retransmission to the mobile user
devices. Signals from the mobile devices are transmitted to the satellites in CDMA channels in the
frequency band 1610-1618.725 MHz. The satellite translates the CDMA channels conveying user
information from the mobile devices to the 7 GHz band for retransmission to the earth station
gateway.

2.2 Globalstar Feeder Uplink Interference Scenario

The interference generated by outdoor U-NII-1 access points to the gateway-to-satellite feeder
uplink is illustrated in Figure 1. Unlicensed wireless access points using terrestrial wireless local

1 Globalstar’s satellite feeder uplink antennas are authorized by the FCC to operate at 5096-5250 MHz.
Z Information provided by Globalstar, Inc., and The Globalstar System, Applied Microwave and Wireless,
Summer 1995.
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area network (WLAN) protocols such as the IEEE 802.11ac3, are required to operate on a co-
channel, non-interference basis in the frequency region 5170-5250 MHz and communicate with
wireless LAN client (user) devices. Since the transmitted power of client devices is typically much
less than the access point power level, the access points are expected to be the primary source of
aggregate interference to the satellite’s feeder uplinks. Emissions from the access points intended
for the wireless LAN client devices are also radiated in the direction of the satellites, and degrade
the uplink signals sent from the gateway to the satellite by adding undesired interference power to
the received signal at the satellite. These access point emissions thus cause a measurable rise in the
uplink noise-plus-interference level at the satellite. The degraded received signal at the satellite,
consisting of the desired Globalstar uplink signal plus noise and the unlicensed device interference,
is then translated to the 2500 MHz downlink, thereby ultimately degrading the received signal at
the Globalstar client device. The diameter of the service area for subscribers on the downlink at
2483.5-2500 MHz is 5800 km, which is illustrated as a pink circle in Figure 2 for one representative
satellite location centered over North America. The service area is further divided into 16 spot
beam coverage areas, as shown by the white lines in Figure 2.

Globalstar Satellite

Interference in U-NII-1
{5170-5250 MHz IEEE Channels)

S

/ ,’ Globalstar Uplink
, y: 5096-5250 MHz

, _ I
4 / —~ @ Desired Downlink Signal
’ , H
sat
h =1414 km Globalstar
w Subscriber

Handsets

Globalstar \
\/\(/J Gateway Earth Surface

Wi-FiAPs earth surface visible to satellite:
and LTE-U 3900 km radius

Figure 1: Globalstar Interference Scenario

While the service area of a single satellite has a diameter of approximately 5800 km on the earth’s
surface, Wi-Fi access points within a satellite viewing “footprint” with a 7800 km diameter on the
earth’s surface contribute to the aggregate interference on the satellite’s feeder uplinks. This

3 See Rohde and Schwartz, IEEE TGac Draft Amendment v1.1 [16], August 2011, and 802.11ac Technology
Introduction White Paper, accessed at http://www.rohde-schwarz.com/en/applications/802.11ac-

technology-introduction-application-note 56280-15417.html


http://www.rohde-schwarz.com/en/applications/802.11ac-technology-introduction-application-note_56280-15417.html
http://www.rohde-schwarz.com/en/applications/802.11ac-technology-introduction-application-note_56280-15417.html
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footprint is shown in Figure 2 with a yellow circle. The transmissions from all outdoor U-NII-1
access points within this footprint create an aggregate level of measurable interference at the
satellite receiver that is not limited to the geography of the gateways. This is an aggregate
interference problem at the satellite receiver that manifests itself in a degraded downlink signal to
the Globalstar user devices. As shown in Figure 29 in Appendix C, which illustrates the Globalstar
satellite downlink-to-handheld coverage footprints, uplink interference created by outdoor U-NII-1
access points operating in the United States would have an adverse effect on the Globalstar system
communications originating and terminating in Mexico, Canada, the Caribbean, and Central and
South America, violating the conditions of ITU-R RR No. 4.4. Thus, Globalstar satellite
communications originating and terminating in other countries are impacted. Additionally, the
deployment of any outdoor U-NII-1 devices at higher power levels in foreign countries would affect
satellite services provided within U.S. territory.

Diameter=5800 km v 7 Diameter=7800 km
Service Area " Interference viewing area.

: Google‘earth

Figure 2: Globalstar Gateway Uplink Satellite Footprints for North America*

2.3 Globalstar and Wi-Fi Access Point Frequency Plans

Figure 3 illustrates the interference scenario between unlicensed devices operating at 5170-5250
MHz and the Globalstar feeder uplink.5 Globalstar’s feeder uplink at 5096-5250 MHz consists of

4 Provided by Globalstar, Inc.
5 Provided by Globalstar, Inc.
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separate signals with left and right hand circular polarization, each with a full set of 104, 1.23 MHz
CDMA channels. The desired signal at 5170-5250 MHz, which is a portion of the total satellite
uplink, consists of 53 1.23 MHz CDMA channels transmitted in 4 groups of 13, plus 1 additional
CDMA channel in a 5t group, in each of two polarizations. These 106 CDMA channels at 5170-5250
MHz overlap with the U.S. U-NII-1 band. (An additional 51 CDMA channels on Globalstar’s feeder
uplink are transmitted between 5096 and 5170 MHz.) The immediate impact of co-channel
interference in the upper 53 channels is to degrade the signal-to-noise ratio on those channels. The
satellite divides the uplink channels into 8 groups of channels for each polarization, which are then
retransmitted in 16 separate spot beams within the service area illustrated as the pink circle in
Figure 2. The spot beam coverage areas are indicated by white lines. The downlink frequency band
is 16.5 MHz wide from 2483.5 to 2500 MHz, and the frequencies are the same for all of the
downlink spots. Because the spots overlap, interference from the uplink is distributed over all of
the downlink spots, even though the uplink channels might fall within the set of 102 channels in the
lower half of the spectrum.

U.S. U-NIH1 Band

4% 20 MHz IEEE 802.11ac channels
o _—
or 1 x 80 MHz 802.11 ac channel

{Unlicensed, Outdoor |

v

U-NI-1 Access Points) APs APs ‘ APs ‘ APs ‘

Aggregate interference

Globalstar COMA channels ' ‘ w-— '

And Downlink Spot Beams (0-7), 9,14 P
Degraded by Outdoor U-NII-1 AF’S\ Undesired Interference to Globalstar Uplink w

s

T e

LHCP%WFWYWMY I ﬂmﬁmfi“mﬂrm NI

‘ 13 channels |
< 15.38 MHz >

106 x 1.23 MHz CDMA channels >
5096 5130 9170 downlink Desired Signal 5250
MHz MHz MHz spot beam MHz

5096.59 number 524875

Figure 3: Globalstar Frequency Plan and U-NII-1 Band Interference Scenario

In Figure 3, the representative scenario shows the total power spectrum for a population of N
wireless LAN access points utilizing the [EEE 802.11ac standard, each operating with a 20 MHz
bandwidth within the U-NII-1 band at 5170-5250 MHz and within the receiving feeder uplink
antenna footprint of the satellite. If the wireless LAN access point population is divided equally
among the 4 IEEE 802.11ac channels in the U-NII-1 band, then the emissions from N/4 access
points in each 20 MHz generate an aggregate level of interference at the satellite receiver with a
power spectral density that is the same as the sum of the received powers of N access points at the
satellite distributed over 80 MHz. Since the gateway-to-satellite uplink is transmitted in right- and
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left-hand circular polarizations, a total of 106 CDMA channels are affected by unlicensed access
points.6

Satellite Downlink Spot Alignment

The Globalstar satellite downlink in the 2483.5-2500 MHz band consists of 16 spot beams
numbered 0-15 arranged in 2 rings, and with a central spot as shown in Figure 4.

Degraded

Service

Figure 4: Satellite Downlink Spots, with Area Degraded by Uplink Interference Shaded

Each spot maps to different frequencies in Globalstar’s feeder uplink in the 5096-5250 MHz band,
as shown in Figure 5. There are two different transmissions in the feeder uplink, one with Right
Hand Circular Polarization (RHCP) and another with Left Hand Circular Polarization (LHCP). Each

6 The IEEE 802.11ac standard provides for access point bandwidths from 20 to 160 MHz. For an analysis of
the impact of the unlicensed access points on Globalstar operations, the channel bandwidth of the access
points makes no difference. For example, the aggregate interference power spectral density of 4 million
access points with 80 MHz bandwidth is the same as for one million access points with 20 MHz bandwidth. If
80 MHz access points are deployed, and the total emitted power of each access point is the same as a 20 MHz
bandwidth access point, then the power spectral density of each 80 MHz access point is % of the power
spectral density of a 20 MHz bandwidth access point. But 4 million access points in 80 MHz (4 times the
number in 20 MHz) are still needed to provide coverage to a given geographic area.
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of these has 8 groups of 13 CDMA channels (see details in Figure 3), with each group spanning
about 18 MHz in the uplink. The numbers in each group in Figure 5 correspond to the spot
numbers in the satellite downlink spots. Groups 0 through 7 correspond to the co-channel overlap
with unlicensed Wi-Fi access points, and there is some additional overlap with a CDMA channel in
groups 9 and 14, as is shown in Figure 3. In Figure 4 the spots 0 through 7 are shaded and they
cover the central spot (0), the middle ring of 6 spots, and one spot (7) in the outer ring. Two other
spots (9 and 14) in the outer ring indicated by light shading are also partially affected by co-channel
interference from outdoor U-NII-1 access points.

RHCP
Frequency

5097.2 MHz

LHCP
Frequency

5097.2 MHz 5250 MHz

Figure 5: Feeder Uplink CDMA Groups

The earth surface area covered by the spots can be calculated from the satellite downlink antenna
pattern. The results are tabulated in Table 1. The total land area for spots 0-7 adds up to 7.302
million square km. This compares with a land area of the continental US (CONUS), excluding Alaska
and large bodies of water, of 7.66 million square km. So, the area of the spots affected by co-
channel interference in all 13 of their CDMA channels is 95% of the CONUS land area. If we
included the areas of spots 9 and 14 that are also affected by co-channel interference in one CDMA
channel, then the area increases to 12.08 million square km, or 58% larger than the CONUS land
area.

The Globalstar satellite constellation provides continuous service over the U.S. Since the Globalstar
satellites’ orbital period is 114 minutes, both the sub-satellite point and the mid-point of spot
beams affected by interference, move across the earth’s surface at approximately 350 km per
minute. As a result, voice calls and packet data communications sessions, with average call and
session durations of 2.5 and 0.3 minutes, respectively, typically originate and terminate within a
single spot beam, and at most experience a single handover between adjacent spot-beams.

Table 1. Satellite Downlink Spot Beam Areas

526 thousand km?> = 731 thousand km? 2390 thousand km? 7302 thousand km?
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3. Noise Rise Measured by Globalstar

3.1 Example Noise Rise Measurement on Globalstar Uplink

The plot in Figure 6 below is an example of the noise-rise measurements at the Globalstar satellites
as measured over North America (as described in a report prepared by Globalstar).” The plot on the
left of Figure 6 shows the power level measured at the satellite at the input to the solid-state power
amplifier (SSPA), and including noise and interference in the bandwidth at 5096-5250 MHz, versus
time of day as the satellite approaches and then travels over the continental United States. The
power level on the vertical axis is a measure of the signal-plus-noise and interference in the satellite
uplink. The flat portions of the graph correspond to regions where the satellite is receiving no earth
station signals, and are therefore measures of the noise floor at that location. The elevated “humps”
correspond to the signal-plus-noise and interference when one or more earth station signals are
being received by the satellite. The power received by the single satellite varies as the distance
between the satellite and earth stations changes. The part of the plot in Figure 6 in the dotted-box
corresponds to the portion of the orbit as the satellite traverses the continental U.S. during the
daytime. The noise floor over the U.S. when the sub-satellite point is in the vicinity of Lincoln,
Kansas is obtained by scheduling the satellite uplink to be out of service for a period of two minutes
centered on that location, during which time the noise floor can be measured at the satellite. In the
expanded view of the graph on the right, the noise floor as measured outside the U.S. is compared to
the noise floor measured over Lincoln, Kansas, approximately in the geographic center of the
United States. A noise floor difference, or noise rise, over the U.S. of 1 + 0.5 dB is readily observed.8
There is no rise in the noise floor measured when the satellite is in view of ocean areas only, and
not receiving any feeder uplink transmissions. Significantly, there is also no noise rise measured by
Globalstar’s satellites while in view of Europe, a densely populated region but an area where
outdoor Wi-Fi (Radio-LAN) are not permitted. Measurements in progress for satellites over
Australia (seven transponders on five satellites out of a total of eight to be measured) indicate no
observed noise rise. At present,® in contrast, Globalstar is measuring noise rise levels of 2 + 0.5 dB
on 6 out of a total of 8 satellites being monitored while they are over the U.S. during daytime
periods. Where Globalstar has measured a 2 + 0.5 dB noise rise during the day, it has found only a 1
* 0.5 dB noise rise at those satellites during nighttime periods.1? A lower nighttime noise rise is
consistent with the expectation that there would be lower access point data traffic, and therefore

7 Globalstar 5 GHz C-Band Noise Floor Measurement Description and Current Results, May 21, 2018
(“Globalstar Noise Floor Measurement Report”).

8 The 0.5 dB uncertainty in the noise rise measurement is due to the resolution of the A/D converter at the
output of the noise power detector and the initial calibration procedure, as described in the Globalstar Noise
Floor Measurement Report at page 15.

9 May 3,2018.

10 Globalstar’s nighttime measurements have occurred from 1 AM to 5 AM ET, with the sub-satellite point at
the middle of the two minute measurement period within 350 km of Lincoln, Kansas.
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lower transmission duty cycles, during nighttime hours. Details of the noise rise measurements are
contained in the Globalstar Noise Floor Measurement Report.!!
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Figure 6: Power at Input to S-Band Amplifiers, lllustrating Noise Rise Over U.S.

3.2 Evidence That Satellite Noise Rise is Due to Wi-Fi Interference in
5170-5250 MHz

In order to provide evidence that the noise rise observed in the Globalstar’s feeder uplink spectrum
is due to terrestrial Wi-Fi access point emissions at 5170-5250 MHz and not caused by terrestrial
emissions in the 5096-5170 MHz portion of this feeder uplink, a drive test was conducted in the
suburban area of Chicago, Illinois. In this test, an RF spectrum analyzer with an omni-directional
antenna was programmed to continuously scan the frequency band 5100-5250 MHz.12 The results
show significant RF power in 5170-5250 MHz, and insignificant RF power relative to the noise floor
in 5096-5170 MHz. Spot checks of RF activity during the drive test using a Wi-Fi protocol analyzer
reveal the presence of IEEE 802.11ac SSID’s in channels 36 to 48, which fall within the frequency
band 5170-5250 MHz.13

While these measurements are preliminary and by no means exhaustive, they provide strong
evidence that the noise rise measured by Globalstar’s satellites is caused by Wi-Fi access point
emissions.

11 Globalstar Noise Floor Measurement Report at pages 15-21.

12 The details of the drive test are described in Appendix G.

13 SSID is an acronym for Service Set Identifier which is the name associated with an IEEE 802.11 access
point.
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4. Analysis of Noise Rise in the Feeder Uplink Due to Wi-Fi Access
Point Deployment

Overview

Recent U.S. Federal Communications Commission filings by counsel to NCTA!4 indicate that, as of
June 2017, the cable industry had likely deployed in the U.S. approximately 10 million total indoor
and outdoor unlicensed Wi-Fi access points in the U-NII-1 band at 5170-5250 MHz. Because of the
large number of Wi-Fi interference sources operating in Globalstar’s feeder uplink, the analysis of
Wi-Fi interference and its effects will be described first. In Section 8, other potential sources of
interference and noise rise to Globalstar will be discussed.

In evaluating the impact of outdoor U-NII-1 access point transmissions on Globalstar’'s MSS
operations, the first step is to determine the degradation to the feeder uplink caused by the
deployment of these unlicensed Wi-Fi access points. Degradation to the feeder uplink is measured
as the increase in the noise floor (“noise rise”) in the earth station gateway-to-satellite
communication path caused by outdoor U-NII-1 access points deployed within view of the satellite
receive antenna. Key access point parameters in the analysis of uplink noise rise are radiated
power, the antenna gain characteristics, duty cycle, bandwidth, and geographic location. The noise
rise as a function of the number of unlicensed access points deployed within view of the satellite
antenna can then be assessed. The rise in noise floor is compared to the ITU-R recommendations
for allowable interference levels to low earth-orbit satellite links. Section 5 compares the noise rise
calculations from this section with measured results from Globalstar satellites.

The analysis of uplink noise rise begins with the interference noise model described in section 4.1.
The model calculates the average interference power flux density at the satellite for comparison
with a system noise power flux density. As discussed in Section 4.1.3, the interference power that
results is proportional to the number of access points (APs) and their utilization level or
transmission duty cycle.l> Section 4.1.3 then compares the calculated results with measurements
made by a satellite. Since the interference is present in the uplink spectrum shared by U-NII-116
and used by downlink spots 0-7, Section 4.1.3 re-calculates the main results of 4.1.2 for the U-NII-1
band and for the AP antenna that generates the least interference,!” to represent a lower bound on
the expected access point interference.

4.1 Interference Model

Interference at the satellite on the feeder uplink is analyzed in terms of the power flux density (@)
incident on the satellite receiver antenna. The mathematical details are provided in Appendix E.
The results show that the interference power flux density (@interference) Will exceed ITU-R

14 NCTA is the Internet and Television Association (www.ncta.com). It was previously named the National
Cable and Television Association.

15 AP will be frequently used in this report as an abbreviation for a Wi-Fi Access Point.

16 JEEE 802.11 access point interference is present in 5170-5250 MHz of the U-NII-1 band.

17 The omni-directional “stick” antenna.
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recommended limits for as few as 7500 outdoor U-NII-1 access points, with access point emission
characteristics conforming to the FCC’s requirements for outdoor operation adopted in 2014.

ITU-R Recommended Limits

ITU-R Recommendation S.1426-0 (2000) specifies an upper limit on power flux density for
interference for ground-based wireless LANs with satellites in the 5150-5250 MHz frequency band.
The recommended limit for satellites at 1414 km altitude is -124 dBW/MHz-m2. For other
altitudes, the Recommendation is generalized to -124 - 20 logo(Hsat/1414) dBW/MHz-m?2.

ITU-R Recommendation S.1432-1 (2006) defines upper limits on the allowable sensitivity
degradation to satellites for frequencies below 30 GHz. The Recommendation distinguishes
between satellite systems with co-primary status, both with and without frequency re-use, with
slightly more stringent limits for the former. The recommended interference limit is set according
to the system noise. The limiting value (see S.1432 Figure 1) is an I/N ratio of -12.2 dB. This yields
a noise rise of 6% of system noise (noise rise = 0.25 dB). The system noise power flux density is
calculated in Appendix E, equation E-3e, and this is summarized in equation 1.

®n015e = '111.8 dBW/MHZ'mZ Eq. 1

If we decrease ®noise by 12.2 dB according to the recommended I/N limit, then the limit on
interference power flux density is -124.1 dBW/MHz-m2. This is consistent with the recommended
limit in Recommendation S.1426.

Recommendation S.1432 also sets a more stringent limit on interference from other systems with
non-primary status, such as Wi-Fi access points. This recommended limit is 1% noise rise,
equivalent to 0.04 dB, or an I/N ratio of -20 dB.

4.1.1 Unlicensed Wi-Fi Access Point Characteristics

The Federal Communications Commission issued revised regulations in 2014 in Section §15.407 (a)
(1) (i) that permit outdoor operation for unlicensed wireless devices in the 5150-5250 MHz U-NII-1
band. The changes to power limits for outdoor access point (AP) operation include:

a) an increase in the power limits of operation to a maximum conducted power of 1 Watt
with up to 6 dBi antenna gain (i.e. 4 Watts EIRP); and

b) a maximum EIRP of 125 mWatt at any elevation angle above 30° from the horizon. If
directional antenna gain exceeds 6 dBi then the conducted power must be reduced dB-for-
dB of excess gain.

The FCC’s 2014 regulations also provided for fixed point-to-point operation, also with up to 1 Watt
of conducted power, but with up to 23 dBi antenna gain (i.e., 200 Watts EIRP). This provision is
limited to point-to-point operation and specifically excludes point-to-multipoint and
omnidirectional operation.
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Mobile and portable outdoor clients in the U-NII-1 band are restricted to 250 mWatt maximum
conducted power in the regulations.

An additional regulation (§15.407 (j)) requires operators deploying more than 1000 outdoor access
points to “submit a letter to the Commission acknowledging that, should harmful interference to
licensed services in this band occur, they will be required to take corrective action.”

The Wi-Fi access point characteristics utilized in the analysis described here are based on the FCC
regulations as follows:

The conducted transmit power is 1 Watt.18 When distributed over 80 MHz of spectrum in
the U-NII-1 band, the conducted average power spectrum density is 0.0125 W/MHz.

The AP antenna has a gain characteristic (Gap(€2)) that restricts emission towards the zenith
and focuses emissions to the horizon. Together with the conducted power of 1 Watt, these
access point characteristics meet the 2014 emission requirements. In general terms, the
types of antennas utilized in the analysis are representative of types actually deployed, and
can be described as omnidirectional (stick) antennas, directional panel antennas, and high
gain dish antennas used for point-to-point links. The gain patterns for the antenna types
used in the analysis are described in Appendix B.

4.1.2 Interference Model

Terrestrial Radio Local Area Network (Wi-Fi) systems include APs distributed on the ground. A
detailed calculation of the average interference power flux density from APs in the U-NII-1 band is
described in Appendix E. The calculation averages the power flux density across the ground area
viewed by the satellite, including the effects of antenna gain functions and shadows from building
or terrain elevations. The geometry of the line of sight path from the ground to the satellite is
shown in Appendix D. That appendix shows the calculation of the elevation angle, g, from a
geocentric angle, 0, for all ground locations within view of the satellite. For a satellite in orbit at
1414 km, the diameter of the viewing area on the ground under the satellite is 7800 km. The
elevation angle above the local ground horizon can decrease to 0° at the edge of the satellite view of
the ground, i.e., anywhere on a circle of diameter 7800 km centered under the satellite.

The power flux density (®) from an AP at any point on the ground within view of the satellite is
calculated by equation E-1a in Appendix E, multiplied by a Shadow function. The ® function is
shown here as equation 2.

18 One Watt conducted power with a 6 dBi gain antenna yields 4 W EIRP. Use of power levels at the FCC
specified limit in the interference calculation is justified by industry statements that outdoor RLANs are
typically deployed at the maximum power level. For example, see “AT&T says 6 GHz band key for FirstNet,
5G” accessed at https://www.fiercewireless.com/wireless/at-t-says-6-ghz-band-key-for-firstnet-5g “(“AT&T
shared that its use of radio local area networks (RLANs) for LAA in the 5 GHz band shows that virtually all are
operating at the highest allowable power, and most are operating at heights of 30 feet” [outdoors]).
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P Gap(€) Shadow(¢)
4 D(6)2

d(O) = Eq.2

The AP conducted transmitter power, P, is set to the limit of 1.0 W total, or 0.05 W/MHz in a 20
MHz channel bandwidth, or 0.0125 W/MHz for APs randomly distributed within an 80 MHz
bandwidth at 5170-5250 MHz in the U-NII-1 band.?® This calculation sets P=0.0125 W/MHz in
equation 2, presuming a random AP spectrum distribution.

Each AP uses a transmit antenna with some antenna gain function Gap(€) relative to an isotropic
source, given in dBi as a function of elevation angle (¢). The antenna gain function Gap depends on
the antenna in use, so this calculation is repeated for some mixture of antenna gain functions, and
then the power fluxes are averaged. Some example antenna gain functions are shown in Appendix
B. The power flux density results for access points with different antennas are tabulated in Table 1.

The Shadow(¢) function in equation 2 accounts for building shadows at low elevation angles. This
function is discussed and calculated in Appendix D. For some AP applications, such as point-to-
point links, the building shadow function will not be a factor since point-to-point links are designed
to propagate over paths free of any obstacles.

The distance variable D in equation 2 is the path length from the satellite to the ground location
point. The variation of D with the geocentric angle 6 is explained in Appendix D, equation D-6. The
average power flux density for an AP at any point in the viewing area is found by integrating and
averaging the ®(0) function over the viewing area, as described in some detail in equation E-5b of
Appendix E.

The calculated average power flux densities for each of the three antenna types in Appendix B are
tabulated in Table 2 below. These calculations include the building and terrain factors explained in
Appendix D. The table shows the average power flux density for a single AP randomly distributed
within view of the satellite.

Table 2. Average Power Flux Densities for Different Access Point Antennas

Antenna D, (per AP) Relative
Weight
Omni stick -165 dBW/MHz-m*>  30%
Directional wall panel | -162 dBW/MHz-m? 60%
Directional gain dish -158 dBW/MHz-m? 10%
Weighted Average -162 dBW/MHz-m>

The @, results for all the antennas are within a range of 7 dB. Subsequent calculations of
interference power assume a population of access points with a mix of antenna types. The mix
produces a weighted average for the total interference flux density with weights of 30/60/10 for

19 IEEE 802.11ac channel 42 is 5170-5250 MHz.
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the stick/panel/dish antennas, respectively. The average yields a single ., to use for convenience
in subsequent calculations of the impact to MSS capacity and user quality of service.

The entry in Table 2 for the directional dish antenna is the worst interference source in the table.
The directional dish antenna is intended for point-to-point links, and point-to-point links are
designed to be free of any terrestrial obstacles (no buildings or terrain). This is why the @, for the
dish is somewhat higher than the other antennas. The higher flux comes from AP transmitters at
the edge of the satellite viewing area with elevation angles under 10°. For the mix of antenna types
assumed, essentially, the entire unattenuated transmit power is directed to satellites in orbit for a
subset of about 1/10 of the point-to-point links.

4.1.3 Noise Rise Results

The average power flux densities from each type of AP antenna are combined into one weighted
average interference power flux density on the bottom line of Table 2. This average power
increases linearly with more APs. Since the viewing area is 46.3 million km? (see Appendix D,
equation D-8), there is considerable room to distribute APs on the ground. The average flux density
in 5170-5250 MHz of the U-NII-1 band as a function of the number of APs is plotted on a graph in
Figure 7.

To show the impact of duty cycle and access point utilization, Figure 7 shows the power flux
densities for APs transmitting 100% of the time, as well as 80%, 40%, 20% and 10%. The number
of AP transmitters varies from 100 to 10 million on a logarithmic scale. Short horizontal lines show
the flux limits mentioned in the ITU-R recommendations. The ITU-R Recommendation S.1426 limit
of -124 dBW/MHz-m? is reached with 7,500 APs and a 80% duty cycle. At the satellite, this would
yield a noise rise of 0.25 dB in the feeder uplink band at 5170-5250 MHz. The noise power flux
density reaches the system noise limit of -112 dBW/MHz-m2 with 110,000 APs and an 80% duty
cycle. This would create a noise rise of 3 dB in the U-NII-1 band, representing a serious degradation
of a LEO satellite system.

Another way to view this result is to plot the noise rise in the total 154 MHz bandwidth of the
uplink as a function of the number of APs. Figure 8 shows the total noise rise in 154 MHz of
spectrum as increasing significantly beyond 3 dB as the number of APs increases beyond 200,000.
For 4 million outdoor access points at 10% duty cycle, the noise rise is 5 dB, while for 4 million
access points at 80% duty cycle, the noise rise reaches nearly 13 dB.
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Figure 7: Average Interference Power Flux Density
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Figure 8: Noise Rise in 150 MHz Uplink for Number of APs (mix of antenna types)
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Access Point Density

Access point deployment density is a critical parameter in the calculation of interference, since it
determines the total likely number of outdoor U-NII-1 access points within view of the satellite,20
which in turn affects the likely noise rise at the satellite.

Analysis shows that more than 4 million Wi-Fi access points could eventually be operational
outdoors in North America. This number is based on Google’s early, free Wi-Fi deployment in
Mountain View, California, from which access point density was calculated in 2013 to be 16 access
points per square kilometer. In 2017 this density increased to 23 AP/km22! for an even larger
number of future outdoor access points. Extrapolation of this AP density to all urban areas in the
United States yields an estimate of 4 million outdoor access points. The calculation is detailed in
Appendix A. This level of outdoor Wi-Fi density is substantial enough to enable subscribers to reach
an access point within a few hundred meters of their location. Several U.S. cities have begun
deployments with this access point density, including New York City, New York, and Minneapolis,
Minnesota.

One important aspect of access point density is the number of subscribers to be served. A density
of 16 APs/km? is sufficient for up to 160 subscribers/km?; in this scenario, one AP could serve ten
subscribers and one Wi-Fi channel. If the density of outdoor subscribers approaches saturation for
the available bandwidth, then additional APs could be deployed to increase the density of APs and
keep pace with subscriber demand for services. Such high subscriber densities are easily observed
today at events such as sports stadiums, holiday parades, political rallies, musical concerts, and
shopping centers.

The deployment of access points is assumed to be concentrated in urban and suburban areas, which
is a small part (less than 1%) of the total surface area within a satellite’s view. Since the satellite
and the earth move significantly over a meaningful period of time, such as 10 minutes, the approach
used here is to average the propagation distances and angles over the entire surface area for all of
the APs within view of the satellite.

The immediate effect of an interference noise power flux incident on the satellite receiver antenna
is to increase the receiver noise floor. This is conventionally measured as a ‘noise rise’ by taking the
power ratio of the interference (I) + noise (N) with the noise power (absent any interference). This
is expressed in equation 3. The interference power (I) is found by integrating the flux density
(Dinterference) over the 80 MHz of the U-NII-1 band, while the noise power (N) is found by integrating
the flux density of the system noise (®noise) over the full 154 MHz of the ground-to-satellite uplink.

Noise Rise (dB) =10 log4, (%) =10 logqg (1 + %) Eq. 3

20 The text uses the term Wi-Fi access point or Wi-Fi hotspot interchangeably with Wi-Fi Access Point, or
more simply AP. The Wi-Fi hotspot term is popular in US advertisements.
21 See Appendix B, Figure 27.
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Figure 9: Noise Rise vs. Interference Power Flux Density

ITU-R Recommendation S.1432 sets a limit of 0.25 dB for the noise rise. This is obtained with an
[/N ratio of -12.2 dB. The system noise flux density was previously computed in equation 1 to
be -112.1 dBW/MHz-m2. The noise rise is plotted in Figure 9 for the interference power flux
density at the satellite. The dashed line shows the noise rise for the sub-channels in the U-NII-1
band, and the curve with the solid line shows the noise rise as measured over the entire 154 MHz
bandwidth of the uplink. The graph shows that the noise rise over the entire 154 MHz bandwidth is
as much as a few dB less than the noise rise within the 80 MHz U-NII-1 band, because the additional
bandwidth has a dilution effect on the interference power measured at the satellite. The converse
is also true: the noise rise within the 80 MHz bandwidth overlapping with U-NII-1 is higher than the
noise rise measured over the entire 154 MHz bandwidth.

Another way to analyze the noise rise is to plot noise rise contours on a graph as functions of the
number of APs and their average duty cycle for the transmitter. This is shown in Figure 10. The
plot shows noise rise for APs using only the omnidirectional stick antennas described in Appendix
B. This is the least interfering antenna choice. The noise rise contours begin with the ITU-R
recommended limit of 0.25 dB. This restricts the number of APs to less than 30,000 in the satellite
viewing area if the average duty cycle reaches 80%. In the 154 MHz bandwidth of its satellites
(5096-5250 MHz), Globalstar has recently measured a noise rise over North America of 1 to 2 dB
compared to the noise floor over other regions.22 Figure 10 shows that a 1 dB noise rise is
consistent with about 4 million outdoor U-NII-1 access points operating at an average 2.5% duty
cycle, or one million outdoor U-NII-1 access points operating at a 10% duty cycle. The figure also

22 Globalstar Noise Floor Measurement Report.
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shows that a 2 dB noise rise is consistent with about 4 million outdoor U-NII-1 APs operating at 6%
duty cycle, one million APs operating at a 23% duty cycle, or 600,000 APs operating at a 40% duty
cycle. The graph clearly shows that other combinations of access points numbers and their average
duty cycles can produce the same noise rise levels.

Noise Rise Contours for N,, and Duty Cycle
100 APs with OmniStick antenna only.
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Figure 10: Noise Rise Contours for APs with Omni Stick Antennas

The end-to-end C/N ratio for the MSS satellite system is related to the individual C/N ratios for the
uplink and downlink in equation 4. This is described in more detail in Section 6.2 (see equation 5
there), so here only the immediate effects of noise rise are discussed. In equation 4 the noise
powers on the uplink and downlink are represented by N., and Ngown, respectively. The
interference power on the uplink is given by l.,. The immediate effect of a significant noise rise on
the uplink from any increase in I, is to limit the maximum possible (C/N)ww delivered to
subscribers on the down-link. This is experienced by the system subscribers as a ‘choke’ on the

grade of service. This consequence is illustrated for some example C/N values in the graph in
Figure 11.

3 -1
c c 1 ¢ \1
— = I — + Eq. 4
N/ total Iup"'Nup Ndown

A degradation in (C/N)wta also has an immediate effect on system capacity as a whole. The CDMA
technology in the MSS system depends on power control to distribute the available budget of
transmit power to the subscribers for the best grade of service. A degradation in the (C/N)wotal
causes a system response that either degrades service for all subscribers, or reduces the load (i.e.
reduce the number of subscribers) so that more power can be used to sustain a necessary grade of
service. These tradeoffs are described more fully in Sections 6.3 and 6.4.

23



@ Roberson and Associates, LLC

Technology and Management Consultants

10

8 degradation
m 6
©
=
IS) 4 non-UNII-1

= UNII-1
2
0
-10 -8 -6 -4 -2 0 2 4 6 8 10
I/NdB

Figure 11: (C/N)ct. for Interference to Noise Ratio

5. Comparison of Predicted, Measured, and Future Noise Rise
(Interference)

5.1 Number of Unlicensed Access Points Deployed in 2017

Recent U.S. Federal Communications Commission filings by counsel to NCTA indicate that, as of
June 2017, the cable industry had likely deployed in the U.S. approximately 10 million total indoor
and outdoor unlicensed Wi-Fi access points in the U-NII-1 band at 5170-5250 MHz.23 As previously
shown in the analysis in Section 4.1, the deployment and operational parameters of access points
influence the degradation to the MSS feeder uplink as measured by noise rise. The previous analysis
assumes that all of the operational U-NII-1 access points are deployed outdoors. The proportion of
these access points that are in fact deployed outdoors impacts the noise rise that will be
experienced by Globalstar’s MSS satellites, as does the average access point duty cycle, transmitted
power, and antenna gain pattern. These factors will be taken into account when comparing noise
rise predicted by the analysis in Section 4.1, and the actual noise rise experienced by the Globalstar
system.

23 The FCC filing, “Comments of NCTA-The Internet & Television Association; in the Matter of Expanding
Flexible Use in Mid-Band Spectrum Between 3.7 and 24 GHz., October 2, 2017,” states that 19.7 million total
access points were deployed by NCTA members. The October 12, 2016 ex parte filing re ET Docket 13-49, by
Harris, Wiltshire, and Grannis, LLP, counsel for NCTA, the Internet Television Association, states that in
October 2016, NCTA members have deployed a total of approximately 16 million public cable Wi-Fi hotspots,
with 54% of the access points deployed by NCTA members in the U.S. U-NII-1 band. This corresponds to 10
million access points in the 5170-5250 MHz portion of the U-NII-1 band in June 2017.
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5.2 Noise Rise in 5170-5250 MHz and Comparison of Predicted and
Measured Noise Rise

As described above in Section 3, since the FCC authorized the deployment of outdoor U-NII-1 access
points in 2014, Globalstar has measured the noise floor for its satellite feeder uplinks on a regular
basis as its satellites pass over the United States. The Globalstar Noise Floor Measurement Report
indicates that the noise floor measured while the satellite was over Lincoln Center, Kansas, on June
6, 2017 was 1 = 0.5 dB higher than the noise floor measured in 2014, and also 1 * 0.5 dB higher
than when measured over areas outside the United States.2* Recognizing that (1) Globalstar
measures noise rise in its entire feeder uplink receive bandwidth at 5096-5250 MHz and (2) the
unlicensed Wi-Fi access point emissions are in the 5170-5250 MHz band (IEEE 802.11ac standard
channels), the noise rise experienced by the MSS CDMA channels in the 5170-5250 MHz band is 1.8
+ 0.8 dB. The CDMA channels that experience the direct effects of this noise rise are the central
spots 0-6 in the downlink shown in Figure 4, plus spot 7. When the satellite is over Lincoln Center,
Kansas, these spots cover an area equal to 95% of the land area of the continental United States.

Noise Rise Contours for Ny» and Duty Cycle
100
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g (5170-5250 MHz)
E 10 — 3.3
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Figure 12: Noise Rise Contours for Measured Noise Rise

Based on NCTA'’s disclosure in FCC filings regarding the actual number of access points deployed in
the 5170-5250 MHz band, a comparison can be made between the noise rise predicted by the
analysis in Section 4.1 and the actual noise rise observed by the MSS satellites in 5170-5250 MHz.
This comparison is shown in Figure 12 as the line corresponding to 1.8 dB noise rise. If 10% (or
approximately one million) of the 10 million access points claimed to be deployed by the NCTA are

24 Globalstar Noise Floor Measurement Report at pages 21-24.
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in use outdoors, then the noise rise is consistent with a business hour access point duty cycle of
10%. As the graph shows, the same observed noise rise would be produced by other combinations
of likely duty cycles and numbers of outdoor U-NII-1 access points. For example, 250,000 AP’s
operating at an average duty cycle of 40% or 500,000 APs operating at an average duty cycle of
20% also produce this noise rise. Overall, the analysis of noise rise presented in Section 4 is
consistent with measured results and disclosed U-NII-1 access point AP deployments. The 3.3 + 0.7
dB noise rise plot corresponds to 2 * 0.5 dB noise rise in 5096-5250 MHz currently being observed
on 6 of the 8 satellites being monitored by Globalstar. The 3.3 + 0.7 dB plot indicates that either the
number of outdoor access points, or their average duty cycles, or both, have increased from June
2017 to the present.

5.3 Predicted Noise Rise in Affected CDMA Channels

Section 5.2 showed a noise rise in the 5096-5250 MHz band, with a bandwidth of 154 MHz. This is
consistent with noise rise measurements by the MSS satellites of 1 + 0.5 dB. The Wi-Fi interference
that creates this noise rise is limited within the U-NII-1 band to 5170-5250 MHz, or a bandwidth of
80 MHz. A noise rise measurement restricted to the U-NII-1 band would show more than the
measured result from the MSS satellite. This effect is shown by the noise rise graph in Figure 9.
Figure 9 shows a noise rise of 1 dB in 154 MHz (shown by the solid line curve), corresponding to a
noise rise of 1.8 dB in 80 MHz (shown by the dotted line curve).

The direct effect of the noise rise from the U-NII-1 band is to add interference to downlink spots 0
through 7 shown in Figure 4. When the satellite is over the central U.S., these spots cover an area of
95% of the land area of the continental US. The area is also in the center of the overall service area
of the satellite. Section 6 will analyze the effects of the noise rise on CDMA system operation, and
those effects directly impact service in spots 0 through 7. This section therefore shows noise rise
results for the feeder uplink in the U-NII-1 band, using the same calculations previously described
in Section 4.1 for the 5096-5250 MHz band.

Previous Section 4.1 analyzed the noise rise effects from different AP antennas, including the omni-
directional stick antenna and a directional panel antenna. The noise rise results in this section will
consider only the effects from omni-directional stick antennas. A brief look at Figure 9 shows that
the noise rise in the 5150-5250 MHz U-NII-1 band will be higher than the noise rise measured in
the 5096-5250 MHz band. The power flux density results in Table 2 further show that the noise
rise produced if all access points use the omni-stick antenna is about 3 dB lower than the weighted
average for all the antennas. The two effects oppose each other with a net effect of a slightly lower
noise rise for results in this section for access points with an omni-stick antenna as compared to
other results in Section 4.1.
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Figure 13: Average Interference Power Flux Density for Omni-Stick Antenna

Figure 13 is a re-calculated version of Figure 7, showing the power flux density as just a function of
the number of APs with omni-stick antennas. The number of APs varies from 100 to 10 million and
the duty cycle varies from 100% down to 10%.25 The ITU-R Recommendation S.1426 limit of -124
dBW/MHz-m? is reached at 16,000 APs with 80% duty cycle, and this will create a noise rise at the
satellite of 0.25 dB. The system noise level of -112 dB is reached for 250,000 APs with 80% duty
cycle, which would create a noise rise of 3 dB at the satellite, or an I/N ratio of 0 dB.

5.3.1 Comparison of Predicted and Actual Noise Rise in 5170-5250 MHz

As described in Section 5.1, recent filings by the NCTA to the FCC indicate that, as of June 2017, the
cable industry had deployed in the U.S. approximately 10 million unlicensed Wi-Fi access points in
the U-NII-1 band at 5170-5250 MHz.

Figure 14 is a re-calculated version of Figure 8, showing the noise rise in a 5170-5250 MHz
bandwidth if all the APs used omni-stick antennas, which is a reasonable assumption for outdoor
access points deployed by the cable industry.26 The scale shows the number of APs varying from 1
thousand to 100 million, while the duty cycle varies from 10% to 100%, thereby showing the

25 [t is understood that 100% transmitter duty cycle is not possible for a Wi-Fi access point, although it may
be possible for a point-to-point communication link operating in the unlicensed band. 100% duty cycle is
shown to illustrate the noise rise limit as transmitter duty cycle increases.

26 This assumption results in less impact to Globalstar than a mix of access points with omni, panel, and dish
antennas, and therefore sets a lower bound on the expected impact to Globalstar.
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sensitivity to the utilization level. The figure shows the noise rise at 5170-5250 MHz increasing
beyond 3 dB for more than 250 thousand APs with 80% duty cycle, or two million APs with 10%
duty cycle. A 1.8 dB noise rise in the U-NII-1 band is reached for one million APs at 10% duty cycle.

Omni-stick Antennas 100% BO% 40%  20%  10%
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Noise
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Figure 14: Noise Rise in 5170-5250 MHz versus Number of Outdoor APs and Duty Cycle

The Globalstar noise rise measurements at the satellite in May 2017 are summarized in Section 4,
indicating 1 # 0.5 dB noise rise over a receive bandwidth of 154 MHz. There are no access points
deployed at 5096-5170 MHz, since there are no IEEE 802.11 channels authorized there.2” Therefore
the 1 * 0.5 dB rise measured by Globalstar is attributed to a 1.8 + 0.8 dB rise at 5170-5250 MHz, the
frequency band where the Wi-Fi access point interference is generated. If one million (or 10% of
the total 10 million U-NII-1 access points that have likely been deployed by cable operators,
according to NCTA) are deployed outdoors, then the calculation of noise rise reflected in Figure 14
of 1.8 £ 0.8 dB is consistent with an actual noise rise of 1.8 + 0.8 dB at 5170-5250 MHz over North
America in May 2017.28 Since the exact number of outdoor U-NII-1 access points has not been
disclosed, an important observation is that other likely combinations of the fraction of outdoor

27 The LTE-U Forum has designated channels for LTE-Unlicensed in 5150-5250 MHz. Although Verizon is on
record as testlng LTE- U in 5150-5250 MHZ there is currently no ev1dence oflarge scale deployment See
ial-1

28 Globalstar Noise Floor Measurement Report.
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access points and their duty cycles could also produce the 1.8 + 0.8 dB rise. For example, this noise
level increase would also result from 5% outdoor or 500,000 U-NII-1 access points operating at a
busy period duty cycle of 20%, or 2.5% outdoor or 250,000 access points operating at a duty cycle
of 40%.29 Significantly, the deployment of one million outdoor or even 500,000 U-NII-1 access
points in June 2017 far exceeds NCTA’s 2014 projection and analysis that there would be a
maximum of 250,000 outdoor access points in the U-NII-1 band.30

Over time, access point duty cycles will increase due to an increase in the number of users and
increased data usage per user. The increase in data consumed per user is well documented in
reports such as Cisco’s Visual Networking Index.3! The number of access points will also increase
as operators seek to provide service over larger geographic areas. Evidence and forecasts for the
increase in the number of access points over time are discussed below in Section 5.3.3. An
increased access point duty cycle and a larger number of outdoor U-NII-1 access points will have a
clear impact on the noise rise in Globalstar’s feeder uplink spectrum, as shown in Figure 14. If an
average busy-period duty cycle of one million outdoor U-NII-1 access points increases from 10% to
20% as a result of increasing user data consumption and greater number of users, then the noise
rise increases to 3 dB. Furthermore, if the number of outdoor U-NII-1 access points doubles from
one million to two million, the noise rise would also increase to 3 dB. Significantly, beginning in
October 2017 Globalstar began measuring a noise rise of 2 + 0.5 dB at multiple satellites over the
U.S. and is currently measuring a 2 dB rise at 6 of its 8 satellites being monitored, in a bandwidth of
154 MHz. This is attributed to a 3.3 + 0.7 dB noise rise at 5170-5250 MHz, the frequency band of
operation of Wi-Fi access points in the U-NII-1 band.32 This is consistent with growth in the number
of access points reported by the NCTA,33 coupled with likely increased access point duty cycles
during the time period June 2017 to the present.

29 The 2014 NCTA analysis of U-NII-1 interference utilized a 40% AP duty cycle. See 5 GHz UNII-1: Wi-Fi and
Globalstar Sharing Analysis, Rob Alderfer, CableLabs, Dirk Grunwald and Kenneth Baker, University of
Colorado (“NCTA Report”), attached to Letter from Rick Chessen, NCTA, to Julius Knapp, FCC, ET Docket No.
13-49 (Jan. 22, 2014).

30 Grunwald, Dirk and Alderfer, Rob and Baker, Kenneth R., “Sophisticated Wireless Interference Analysis: A
Case Study for Spectrum Sharing Policy” (March 19, 2014). 2014 TPRC Conference Paper. Available at

SSRN: https://ssrn.com/abstract=2411597

https://papers.ssrn.com/sol3 /papers.cfm?abstract id=2411597##, and

Attachment to January 22, 2014 filing by the NCTA, Re: Revision of Part 15 of the Commission’s Rules to Permit
Unlicensed National Information Infrastructure (U-NII) Devices in the 5 GHz Band, ET Docket No. 13-49, “5
GHz UNII-1: Wi-Fi and Globalstar Sharing Analysis.”

31 Cisco forecasts that by 2021, mobile-connected tablets and PCs will generate double the amount of traffic
as they did in 2016. See Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016-2021,
Document ID:1454457600805266, March 28, 2017, accessed at
https://www.cisco.com/c/en/us/solutions/collateral /service-provider/visual-networking-index-
vni/mobile-white-paper-c11-520862.html#AnalyzingtheExpandingRole.

32 Globalstar Noise Floor Measurement Report.

33 FCC filing, “Comments of NCTA-The Internet & Television Association; in the Matter of Expanding Flexible
Use in Mid-Band Spectrum Between 3.7 and 24 GHz., October 2, 2017,” states that 19.7 million total access
points were deployed by NCTA members. The October 12, 2016 ex parte filing re ET Docket 13-49, by Harris,
Wiltshire, and Grannis, LLP, counsel for NCTA, the Internet Television Association, states that in October
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5.3.2 Relationship of Noise Rise to Number of Access Points and Their Duty
Cycle

U-NII-1 Noise Rise Contours for N,p and Duty Cycle
100 APs with Omni Stick antenna only.
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Figure 15: Noise Rise Contours in 5170-5250 MHz for Omni-Stick Antennas

Figure 15 is a re-calculated version of Figure 10, showing contours of duty cycle with number of
APs to obtain noise rises at 5170-5250 MHz from 3 dB down to 0.25 dB. The 0.25 dB contour
corresponds to the recommended interference threshold specified in ITU-R Recommendation
S.1426. Adherence to the ITU threshold would restrict the number of outdoor U-NII-1 APs to less
than 15 thousand if those access points are permitted to reach 80% duty cycle, or 130 thousand if
the APs are restricted to less than 10% duty cycle.

5.3.3 Forecast of Future Interference and Noise Rise Increases

Recently reported industry information provides an indication of how the population of access
points in the U-NII-1 band will likely increase in the future. The recent Cisco Virtual Networking
Index (VNI) report indicates that there will be a six-fold increase in public Wi-Fi access points from
2016-2021. This is equivalent to a compound annual growth rate of 43%.3* Applying this overall
growth rate to the U-NII-1 band for the period 2017-2022, Figure 16 shows that if there were one
million outdoor U-NII-1 access points in 2017 (consistent with Globalstar’s satellite noise rise
measurements), then there will be as many as 6 million outdoor U-NII-1 access points in 2022.

2016, NCTA members have deployed a total of approximately 16 million public cable Wi-Fi hotspots, with
54% of the access points deployed by NCTA members in the U.S. U-NII-1 band. This corresponds to 10 million
access points in 5170-5250 MHz in June 2017.

34 Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016-2021, Document

ID: 1454457600805266 March 28, 2017 accessed at

vmzmoblle wh1te -paper-c11-520862.html#AnalyzingtheExpandingRole.
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Projected Outdoor Access Points in U-NII-1, 2017-2022
(1 Million base in 2017)
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Figure 16: Projected U-NII-1 Access Point Growth, 2017-2022 for Base of One Million

In October 2016, NCTA reported that the cable industry alone had deployed a total of 16 million
access points in all bands, with 54% in the U-NII-1 band. In June 2017, NCTA reported that 19.7
million access points were deployed in all bands, equivalent to a compound annual growth rate of
35%, slightly lower than that of the VNI. Applying this growth rate to the U-NII-1 band for the
period 2017-2022, Figure 16 shows that if there were one million outdoor U-NII-1 access points in
2017 (consistent with Globalstar’s noise rise measurements), then there would be as many as 4.5
million outdoor U-NII-1 access points in 2022. This is not an unreasonably large number of total
access points for the U.S. in the U-NII-1 band. The calculation of the number of outdoor access
points in Section 4.1.3 based on actual deployment densities resulted in numbers in excess of 4
million.35

The projected access point growth in Figure 16 and the above-described relationship between the
number of access points and noise rise (see Figure 14) together enable a projection of the noise rise
at 5170-5250 MHz for the period 2017-2022. Figure 17 shows that, based on industry projections
of the increase in the number of access points, the noise rise experienced by Globalstar in the 5170-
5250 MHz band would increase from 1.8 + 0.8 dB in June 2017 to either 4.7 dB or 5.8 dB for a 10%
duty cycle, based on the NCTA or Cisco data, respectively.3¢6 For a 20% duty cycle, the noise rise
would increase to 6.9 or 8.2 dB, respectively. Recognizing that currently Globalstar is measuring a 2
dB noise rise in 6 of the 8 satellites that it is monitoring, (corresponding to 3.3 + 0.7 dB in 5170-
5250 MHz), it appears that both the increase in the access point utilization as a result of greater

35 Google’s initial access point density in Mountain View of 16 AP/km-sq results in 4.5 million APs for
nationwide urban deployment. The current (2017) deployment density of 23 AP/sq-km results in 5.75
million APs for nationwide urban deployment.

36 The brackets around the noise floor measurements in Figure 17 represent the accuracy of the
measurements.
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user data consumption, as well as the growth in the number of access points, is contributing to the
increase in the noise floor experienced by Globalstar’s satellites.3?

Projected Noise Rise in 5170-5250 MHz, (dB) 2017-2022
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Figure 17: Projected Noise Rise Increase, 2017-2022, Due to Access Point Growth

37 Access point duty cycles of 80% can be expected in the future as user demand increases. Operation at 80%
duty cycle is supported by studies that show that the maximum downlink capacity is achieved at this level
(see Nickolas J. LaSorte, Dan Bloom, et al., “Comparison of Duty Cycle Measurement Techniques of 802.11b/g
in the Frequency and Time Domain,” Instrumentation and Measurement Technology Conference (I2ZMTC), 2013
IEEE International, 6-9 May 2013, Minneapolis, MN.)
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6. Operational Impact to Globalstar by Noise Rise in the Feeder Uplink

Successful satellite system service is dependent on a balance between the following performance
requirements and operational constraints: the amount of RF power that must be transmitted to the
user devices, the finite amount of satellite RF transmit power available, the feeder uplink and
overall RF signal-to-noise-plus-interference, the geographic service availability, and the user
capacity (maximum number of active calls that can be simultaneously supported). The introduction
of outdoor unlicensed access points at 5170 to 5250 MHz causes an increase in the level of
undesired interference in the MSS earth-station-to-satellite feeder uplink, affecting the user
capacity of the satellite, the satellite RF transmit power available (which also affects the user
capacity), and the geographic service availability. The analyses in this section evaluate the effect of
outdoor U-NII-1 Wi-Fi access point interference on all these satellite performance metrics, as well
as on the coverage reliability (user quality of service).

Due to the “bent pipe” transponder architecture of Globalstar’s satellite network, the end effect of
the interference in the Globalstar gateway-to-satellite uplink is manifested as a decrease in the
signal to noise ratio at the mobile user device receiver. The straightforward relationship between
the Globalstar uplink and downlink allows the effect on the satellite downlink to be calculated.
Three types of degradations are analyzed: 1) the decrease in satellite-to-user device downlink
CDMA capacity due to the uplink noise rise; 2) the decrease in RF power available at the satellite for
communication to the user devices, which also results in a satellite user capacity reduction; and 3)
the degradation in service availability (geographic coverage) to subscribers, which also increases
the number of dropped calls and failed call attempts.

The previous Section 5 described how interference on the feeder uplink causes a significant noise
rise at the satellite. Section 6.1 below describes how to assess the effects of interference on the
satellite system and its users. The relationship between noise rise on the feeder uplink and the
satellite downlink C/N ratio is described in Section 6.2. Sections 6.3 and 6.4 describe the effects of
noise rise on CDMA user capacity and satellite RF power capacity, respectively. These results are
then extended in Section 7 to show degradation from current measurements and projected future
growth of outdoor U-NII-1 access points. The impact on Globalstar user geographic service
availability is described in Section 6.6. The measured noise rise of 1 + 0.5 dB (1.8 + 0.8 dBin 5170-
5250 MHz) is seen to cause a 3% decrease in CDMA capacity and 1.5% decrease in RF power
capacity. Both of these degradations exceed the 1% recommended impact limit in ITU-R
Recommendation S.1427. As also described in this section, the degradation to Globalstar’s MSS
operations will likely increase significantly given the expected rates of growth for U-NII-1 access
point deployments in the U.S.
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6.1 Assessment of Interference Effects

Interference on the satellite feeder uplink from outdoor U-NII-1 access points affects MSS system
capacity and service in more than one way. The following subsections assess these effects on
system capacity and the demands on the satellites’ limited transmitter power.

ITU-R Recommended Limits

ITU-R Recommendation S.1427-1 (2006) recommends assessment of interference based on the
increase in satellite noise temperature (ATsacenite/ Tsateliite)- This is directly related to the noise rise, in
accordance with the following formula: Noise-Rise-dB = 10 logio(1 + ATsateliite/ Tsatellite)-

S.1427 also recommends that ATsacelite/ Tsatellite Should be less than 3%, or the noise rise should be
less than 0.13 dB. This can also be stated in terms of the [/N ratio of -15 dB.

S.1427 further recommends that any reduction in available satellite capacity be 1% or less.

S.1427 also states that aggregate long-term interference refers to interference at the satellite from
all the U-NII-1 access point devices in view from the satellite.

6.2 Relationship Between Uplink and Downlink Degradation

The feeder uplink noise rise due to the aggregated interference of outdoor U-NII-1 access points can
be used to calculate the degradation in carrier-to-noise ratio experienced on the satellite-to-mobile
user device link, through the following relationship in equation 5 for satellites that act as
repeaters.38

_1 _1
@, =) + G
N ovr Iup"'Nup Ndown

In equation 5, Ny and Ngown are the noise powers in the satellite feeder uplink and downlink,
respectively, and [, is the level of interference in the satellite feeder uplink generated by the
outdoor U-NII-1 access points. (C/N)o: is the overall carrier-to-noise ratio experienced at the
mobile satellite system user device. For the MSS feeder uplink, a baseline (C/N)p of 19.9 dB is used,
based on Globalstar-provided satellite parameters.

Figure 18 below is a plot of the degradation to the downlink (C/N).. caused by noise rise on the
uplink. The graph shows the change in C/N in dB on the left scale, and the change in noise
temperature (AT) on the right scale. Note that dBs are logarithmic while AT is linear so the curves
do not exactly overlap. The change in the downlink is used in calculations in Sections 6.3 and 6.4.

38 See Satellite Communication Systems, p. 117, M. Richharia, McGraw Hill, Second Edition, 1999.
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Figure 18: Downlink Degradation Due to Uplink Noise Rise

6.3 Impact on Globalstar CDMA Capacity

The capacity of the CDMA channels utilized by Globalstar in the satellite-to-user terminal
communication links is limited by the inherent interference that exists between the CDMA co-
channel and adjacent-channel users on those channels. Appendix C describes in greater detail the
nature of the CDMA co- and adjacent-channel interference inherent in the Globalstar network.
Given (1) the characteristics of CDMA and (2) the relationship between the satellite feeder uplink
and downlink signal-to-noise analyzed above in Section 6.2, it is possible to assess the CDMA
capacity degradation to Globalstar satellite-to-user handset communication channels as a result of
noise rise on the satellite feeder uplink.

Since the CDMA downlink transmit power available at the satellite has a finite limit, degradation in
the overall Globalstar downlink CDMA channels caused by aggregated U-NII-1 access point noise on
the feeder uplink cannot be mitigated without impacting either the CDMA capacity or the
communication link margin needed to provide the desired geographic coverage reliability and
availability. In order to estimate the impact of overall downlink channel degradation on MSS
performance, we assume the designed level of MSS geographic coverage reliability and link margin
are maintained. Using the CDMA capacity relationships, we calculate the overall increase in
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downlink interference due to unlicensed access point transmissions in MSS feeder uplink spectrum;
this feeder uplink noise must be compensated for with a corresponding reduction in the inherent
CDMA co-channel and adjacent channel interference on the downlink. Since the inherent CDMA co-
channel and adjacent channel interference is directly related to the number of co-channel and
adjacent channel users, the capacity reduction for the CDMA downlink can be calculated. The
capacity reduction is equivalent to a reduction in the number of simultaneous active CDMA users
needed to maintain acceptable Eb/(No+lo)ow on the downlink, where lo is the resultant total
interference inherent to CDMA, plus the interference due to outdoor U-NII-1 access points.

6.3.1 Approach

The approach to determining the impact of outdoor U-NII-1 access point interference on CDMA
capacity is as follows:

1.

Calculate the Increase in interference on the overall MSS downlink.

The additional interference term in the MSS uplink resulting from aggregated outdoor U-
NII-1 access point interference degrades the Eb/(No+I0)w of the downlink as experienced
at the MSS handheld receiver. Starting with equation 5 in Section 6.2, the degraded
Eb/(No+lo+Ia)owraeg is calculated in equation 6 using the relationship, where Ia is the
additional interference terms39:

Eb Eb -1 Eb -1
- = _ + Eq. 6

+lg ovr,deg up

Calculate the corresponding Decrease in inherent interference in the MSS CDMA downlink
required to compensate for the overall Noise Rise caused by the Wi-Fi access points in the
Uplink.

The CDMA channels on the overall satellite-to-handheld downlink require a minimum
overall Eb/(No+Io)mmewr prior to any additional coherent combining receiver gain, to
maintain acceptable bit error rate and user performance after combining is taken into
account. In this equation, lo is the inherent interference spectral density resulting from the
sum of intra-beam and adjacent beam co-channel MSS CDMA users. Since the Eb/(No+10)ovr
value has been degraded due to the addition of additional unlicensed access point
interference, resulting in Eb/(No+Ilo+Ia)ow , [oan must be reduced to [0gnrea to maintain the
value Eb/(No+Io)wmmnewr required for acceptable communications performance. That is,

-1

Eb Eb -1 Eb -1
- No+I,+1 T No+I Eq.7
0TlpoTiqg 0Tlored dn

No+1o MIN, ovr up

391d.
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where Eb/(No+Io)minevr is taken before any coherent combining. The individual values for
No, Io, and Ia are known for the uplink and downlink, along with the value Eb/(No+Io)wmi,ovr-
Therefore I reqan can be calculated for values of I, -- corresponding to uplink interference
from the access points -- as follows:

E E
(—b) = Incr X ( b ) Eq.8
No+Iored dn Not I an
or,
1 1
IO,red - Incr IO + (Incr N 1) NO Eq.9

where Incr = the fraction increase in downlink Eb/(No+Io)dn needed to compensate for
the degraded uplink and maintain the overall Eb/(No+Io)mmnoer, before any coherent
combining.

3. Calculate the MSS downlink capacity decrease due to the necessary decrease in Inherent
CDMA Interference.

Since the downlink CDMA protocol used in the MSS network is based on the terrestrial
CDMA standard, an analysis based on the approach used to estimate terrestrial CDMA
capacity can be utilized to determine capacity degradation in the mobile satellite CDMA
downlink.40 The overall Eb/(No+lo+Ia). degradation at the mobile satellite receiver due to
unlicensed access point interference in the MSS feeder uplink (assuming the MSS satellite
parameters below in Table 3) is used to calculate the capacity degradation.

Since I, and Ioreq represent the sum of the co-channel user powers on the CDMA downlink,
the reduction in interference power is directly proportional to the reduction in CDMA
subscriber capacity. This results from the fact that CDMA capacity on the downlink is
related to the interference generated by co-channel downlink users.

40 Introduction to Spread Spectrum Communications, R. Peterson, R. Ziemer, and D. Borth, Prentice Hall, 1995.
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Table 3. Globalstar CDMA Parameters

Ref. |Parameter Note
CDMA Forward Link Budget (satellite upink--> downlink to handset)

A |Uplink Eb/(lo+No) 199 |[dB Globalstar parameter
B [Rx signal/user/satellite -168 |dBW/1.23 MHz |Globalstar parameter
C [Log Bandwidth 60.90

D [Rxsignal density -228.90 [dBW/Hz

E

F |Downlink No (=kT) -203.9 |dBW/Hz Globalstar parameter
G |Avg data rate (2400 bps) 33.80 |dB bit/sec Globalstar parameter
H [Eb/No=(B-F-G) 2.10
|
J |CDMA Downlink Interference lo per chl -148.7 |dBW Globalstar parameter
K |Downlink lo density -209.60 |dBW/Hz
L |Downlink No + lo -202.9 |dBW/Hz

M |Down link Eb/(No+lo) 1.06 |[dB Globalstar parameter
N |Overall Eb/(No+lo) [= Overall Eb/(No+lo) Baseline Required] 1.01 |[dB Globalstar parameter
O |Coh combining gain (user handset) 2.5 |dB Globalstar parameter
p

Q [Resulting Overall Eb/(lo+No) [= M+O (after coh comb)] 3.56 Globalstar parameter
R |Overall Eb/(lo+No)MIN needed, after coh comb 3.5 Globalstar parameter

A plot of Globalstar’s relative MSS capacity (capacity degradation) based on feeder uplink noise rise
due to aggregated outdoor U-NII-1 access point interference is shown in Figure 19. It is seen that
feeder uplink noise rise values as small as 1-2 dB create noticeable decreases in CDMA capacity for
the MSS channels in the frequency region 5170-5250 MHz. These decreases exceed the 1% limit in
ITU-R Recommendation S.1427.

Also shown in Figure 19 is the number of outdoor access points, operating in compliance with FCC
regulations, that corresponds to certain noise rise values, based on the relationship in Figure 14.
The access point antennas were assumed to be omni-directional with transmit duty cycles of 10%
and 20%, reasonable busy-period values. One million access points with a 10% duty cycle or 500
thousand access points with a 20% duty cycle would produce the noise rise value of 1.8 dB at 5170-
5250 MHz, consistent with the 1 + 0.5 dB noise rise measured by Globalstar’s satellites over North
America at 5096-5250 MHz. In June 2017, this noise rise was therefore producing a CDMA capacity
reduction of 2-3%. As noted in Section 5.3.1, other combinations of access point numbers and duty
cycle values could produce the noise rise being experienced by Globalstar’s satellites providing
service over the United States. In October 2017, the 3.3 dB noise rise in 5170-5250 MHz was
doubling the CDMA capacity reduction to 5-6%.

As described in Section 5.3.3, industry information indicates that, overall, wireless LAN access point
deployments are likely to increase at a rate of 35-43% per year. If outdoor deployments in the U-
NII-1 band increase at these same rates, the number of outdoor U-NII-1 access points will increase
to between 4.5 and 6 million from the base of one million access points at U-NII-1. For a 10%
average AP duty cycle, 4.5 million and 6 million outdoor U-NII-1 access points would cause 13%
and 19% degradations, respectively, to Globalstar capacity in the CDMA channels in the large
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geographic area covered by spot beams 0-7 in Figure 4. If the average AP duty cycle reaches 20%,
the capacity degradations would be 25% to 35%. These significant decreases in capacity far exceed
the recommended 1% limit in ITU-R Recommendation S.1427.
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Figure 19: Relative Globalstar CDMA Capacity in Spot Beams 0-7 as a Function of Uplink Noise Rise
Due to Aggregated Wi-Fi access point Interference, 2017-2022

6.4 Impact on Satellite RF Power Capacity Available

The previous section demonstrated the relationship between feeder uplink noise rise and reduced
traffic capacity as a result of increased interference to the Globalstar CDMA channels. The
introduction of additional interference due to the presence of outdoor U-NII-1 access points in the
MSS feeder uplink, however, also has a significant impact on the amount of satellite RF power
available for users’ communications. (At any given moment in time, satellite RF power is fixed and
finite.) In this section, the impact of Wi-Fi access point interference on available satellite RF power
is analyzed. The following factors are addressed: 1) additional power consumed by amplification
and retransmission of the feeder uplink Wi-Fi access point interference; 2) increase in power in
CDMA overhead (supervisory) channels needed to maintain the signal-to-noise-plus-interference
ratio necessary for successful communications; 3) the transmitted power increase needed to
maintain the overall signal-to-noise-plus-interference ratio of the user communications channels at
the handheld device to maintain geographic service availability and prevent an increase in failed
call attempts and dropped calls.
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The satellite system cannot avoid the power consumption resulting from the amplification of
outdoor U-NII-1 access point interference on the MSS feeder uplink. Since the CDMA downlink user
channels employ closed loop power control, if the link quality is degraded by interference, then the
user transmit power is increased to maintain the user call quality. If the satellite-to-user CDMA
overhead power is increased to overcome the signal-to-noise-plus-interference degradation and
maintain geographic service availability, then the satellite power available for users is further
reduced and degraded. This reduction in available satellite RF power “steals” power that would
otherwise be used to maintain user communications, and in turn reduces the number of users that
can be supported. The capacity reductions described here are alternative effects to the CDMA-based
capacity degradation previously discussed in Section 6.3. The power consumption from
amplification of the unlicensed access point interference and the resulting automatic decrease in
user RF power are always incurred. This is a base, inherent level of capacity reduction that
represents at least some portion of the capacity impact described in Section 6.3

Table 4 below illustrates the method for calculating the impact of access point interference on
available satellite power, for a feeder uplink noise rise of 10 dB due to outdoor U-NII-1 access point
interference. The method is as follows:

1. Rows A through E provide the satellite uplink operational parameters provided by
Globalstar in its Federal Communications Commission filing,4! together with an uplink
received interference power due to aggregated U-NII-1 access point interference of -132
dBW/MHz (Row B), which causes a 10 dB noise rise.

2. Applying the transponder gain of 122.7 dB, the resulting amplified downlink interference
power spectral density is calculated as 20.1% of available power (row L). This is the
additional satellite power consumed (wasted) by amplification of the access point
interference.

3. Rows N through AA use Globalstar satellite characteristics from the Federal
Communications Commission filing*? to calculate the 2.8% of additional overhead power
consumed (wasted) by increasing the CDMA overhead transmitted power to compensate for
the degraded signal-to-noise-plus-interference caused by the unlicensed access points. In
the Globalstar satellites, 15% of the CDMA downlink power is consumed by pilot,
synchronization, and paging channels.43

4. The total power wasted merely due to amplifying the feeder uplink interference is 28.7% of
the nominal Globalstar satellite transmit power available in Row W.

5. Row X takes into account the additional 0.55 dB downlink transmitted power required to
compensate for the degraded overall signal-to-noise plus interference caused by the

41 See Comments of Globalstar, ET Docket No. 13-49, May 28, 2013, accessed at
https://ecfsapi.fcc.gov/file/7022418837.pdf (Globalstar Filing.)

421d.

43 See CDMAZ2000 Evolution, Kamran Etemad, John Wiley and Sons, 2004, p. 57. In a CDMA downlink, the total
transmitted power is divided among overhead channels and user traffic channels. The overhead channels
consisting of pilot, sync, and paging channels take a static allocation of transmitted power which does not
change with the number of users. In a terrestrial [S-95 CDMA network, the overhead consumes 25-30% of
maximum available power. In the Globalstar system, the overhead is 15% of the available transmit power.

40


https://ecfsapi.fcc.gov/file/7022418837.pdf

&

Roberson and Associates, LLC
Technology and Management Consultants

aggregated outdoor U-NII-1 access point interference.** This is 12% of the transmit power

available.

The overall lost power due to amplifying the interference and increasing the transmit
power to compensate for degraded downlink is therefore approximately 40% of available
transmit power. (Rows Z and AA) This loss of power causes degradation to the geographic
coverage area of the satellite, accompanied by significant increases in failed call attempt and
dropped calls when there are a large number of active users on the system, such as during
hurricanes and other catastrophic events taking place over a large geographic area.

Table 4. Impact of Access Point Interference on Satellite RF Power

Ref. |Parameter Value Note
A Uplink Moise Power Spectral Density -141.5 |dBW/MHz |kTB for T=509.3 degK
B Received Interference Power Due to RLANS -132.0 |dBW/MH:z
C Moise Rise on Uplink 10.0 |dB
D Satellite Uplink Receive Antenna Gain 6.37 |dB LEO-D provided value
E Satellite R¥ Line Loss -2.60 |dB LEO-D provided value
F
G Received Wi-Fi interference power@LMNA = B+D+E -128.23 |dBW/MHz
H Nominal Transponder Gain (includes RX and TX Line Losses) 122.7 |dB LED-D provided value
1 T¥ Line loss -2.10 |dB LEO-D provided value
J WiFi interference power generated by satellite PA = G+H-E- -0.83  |dBW/MHz
K WiFi interference power per MHz generated by satellite 0.83 |Watts/MHz
L Total WiFi interference power generated by satellite (53 channels) 20.1% |watts percent of nominal RF power
Q  |CDMA Downlink Overhead as % of Sat Peak Power 15% LEO-D provided value
R Satellite power overheads (CDMA) without Interference 20.2% percent of nominal RF power
S MNew power overhead w. interference (R +0.55 dB interference) 23.0% percent of nominal RF power
T  |Total Nominal Satellite power (including eclipse) 100%
U |Available Satellite Power for RF transmission with interference =7-5 77.0% percent of nominal RF power
v Wasted Available power due to interference = L+5-R 22.9% percent of nominal RF power
W |Wasted Available power due to interference =V / (T-R) 28.7%
X Additional % power to increase transmit power by (0.55 dB) 12% From Figure 15
Y Additional power to increase transmit power =X (T -R) 9.5% percent of nominal RF power
Z Total lost power available for RF (user transmissions) = V+Y 32.4% percent of nominal RF power
AL |Total lost power available for RF {user transmissions) =Z / (T-R} 40.5% 60% Capacity
AB |NetRF power available for user transmissions (1.0- L-5-Y) 47.4%

44 Taken from Figure 18, for an uplink noise rise of 10 dB.
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This power is wasted

Total Nominal Available Total Nominal Available even if overhead
Satellite RF Power (Watts) Satellite RF Power (Watts) .
100% 100% power not increased
-
40.5% ) )
. Available User Transmit Power
reduction 47.5%

Available User - .
Transmit Powef< 79.8% Additional 0.55 dB Transmit Signal Power

0, to Overcome Interference
= 1/ (automatic due to COMA power control)
20.1% )
o Transmitted Interference Power
________ 28% i
{unavoidable)
CDMA 202% 202% AN

Overheads Additional 0.55 dB power to
] ) QOvercome interference
Without With for CDMA overheads
Access Point Interference Access Point Interference

Figure 20: Degradation in Satellite RF Power Available to Users Due to Access Point Interference

A comparison of the Globalstar satellite power allocation budget without and with unlicensed
access point interference that creates a 10 dB feeder uplink noise rise is illustrated in Figure 20.
The available transmit power is reduced from 79.8% to 47.5% of nominal RF PA capacity, a
significant reduction of 40.5%. The reduced power available for downlink transmissions at 2483.5-
2500 MHz directly reduces the number of users that can be supported by the satellite.

If the degradation in CDMA overhead signal-to-noise ratio is not compensated for by an increase in
transmitted CDMA overhead power, then an unavoidable power and capacity reduction of 37% is
still incurred because of (1) the downlink amplification of the increased interference present on the
feeder uplink and (2) the automatic power increase in the user channels.45 This capacity reduction
causes increased “system busy” indications to Globalstar users. The amount of additional RF power
needed to maintain the geographic service availability is another 3.5% of RF power and capacity
lost.

This calculation of the unlicensed access point interference on satellite RF power does not take into
account the time-varying nature of the power available at the satellite due to the sun being eclipsed
at the satellite by the earth for 35 minutes of its 114 minute orbital period (30% of the time). If the
peak interference and concomitant wasted RF power were to occur when the satellite is eclipsed,
satellite operation could be further compromised.

45 Since the Globalstar CDMA downlink employs closed-loop power control, the downlink power to the users
is automatically increased to compensate for the increased overall interference-plus-noise in order to
maintain user link quality. As the number of active satellite users increases, at some point the satellite cannot
supply enough additional power to overcome the AP interference. The additional RF power used to
compensate for increased interference is power that is wasted and not available to MSS users.

42



@ Roberson and Associates, LLC

Technology and Management Consultants

Variation of Impact as a Function of Uplink Noise Rise

Using the approach described above, Figure 21 illustrates the relative satellite RF power available,
corresponding to relative user capacity, as a function of the feeder uplink noise rise caused by
aggregated outdoor U-NII-1 access point interference.

Relative RF Power Capacity vs Uplink Noise Rise
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Figure 21: Relative RF Power Capacity Due to Power Consumed by Wi-Fi Access Point Interference

Also shown in Figure 21 are the number of outdoor access points, operating in compliance with FCC
regulations, that correspond to certain noise rise values, based on the relationship in Figure 14. The
access point antennas were assumed to be omnidirectional with access point duty cycles of 10%
and 20%, reasonable busy-period values. One million access points with 10% duty cycle or 500
thousand access points with 20% duty cycle would produce the noise rise value of 1.8 dB at 5170-
5250 MHz, consistent with the 1 + 0.5 dB noise rise measured by Globalstar’s satellites over North
America at 5096-5250 MHz in June 2017. This noise rise was therefore producing an RF power
amplifier capacity reduction of 2% in June 2017. As of October 2017, the 3.3 dB noise rise at 5170-
5250 MHz, consistent with the 2 * 0.5 dB noise rise measured by Globalstar at 5096-5250 MHz, was
producing an RF PA capacity reduction of approximately 4%.

As described in Section 5.3.3, industry information indicates that overall wireless LAN access point
deployments are likely to increase at a rate of 35-43% per year. If outdoor deployments in the U-
NII-1 band increase at these same rates, the number of outdoor access points will increase to
between 4.5 and 6 million, from the base of one million access points in U-NII-1. For a 10% average
access point duty cycle, 4.5 million and 6 million outdoor access points in the U-NII-1 band would
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cause 6% and 8% degradation, respectively, to Globalstar RF power amplifier capacity in the CDMA
channels in the large geographic area covered by spot beams 0-7 in Figure 4. For a 20% average
access point duty cycle, 4.5 and 6 million outdoor access points would cause 10% and 15%
reductions in RF power amplifier capacity. These significant decreases in capacity far exceed the
recommended 1% limit in ITU-R Recommendation S.1427.

6.5 Impact on Globalstar Geographic Service Availability

The previous sections considered the negative impact of feeder uplink interference due to outdoor
Wi-Fi access point wireless operations on Globalstar downlink capacity in the 2.4 GHz band,
assuming no change to user quality of service as measured by geographic service availability and
successful call rate. In the previous Section 6.3 analysis, the quality of service is maintained by
decreasing user capacity and corresponding CDMA inter- and intra-beam interference in the 2.4
GHz downlink, in order to compensate for the increased feeder link interference. In the previous
Section 6.4 analysis, the geographic availability of service is maintained by directly increasing the
CDMA overhead transmitted power, which also reduces capacity since less power is available to
distribute among the users. The unavoidable negative impact on available RF power (and capacity)
was also analyzed for the case where CDMA overhead power was not adjusted, allowing the
geographic service availability to degrade.

On the other hand, if the negative impact of additional uplink interference is not compensated for,
and instead user capacity is maintained, then the overall downlink Eb/(No+lo) for the CDMA
paging, synchronization, and pilot channels received by the Globalstar handhelds will be degraded
due to the interference power of the unlicensed access points. This degradation will cause a
reduction in the signal-to-noise-plus-interference power required to compensate for statistical
variations in received signal strength due to signal shadowing, resulting in a) an increase in the
geographic area outages (increase in “no service available” indication by the user); b) an increase in
dropped calls; and c) an increase in failed call attempts. Previous studies of non-geostationary
satellite coverage can be used to estimate the effect on Globalstar coverage reliability.4¢ An overall
downlink degradation of 0.5 to 1 dB, which is the expected range of the overall downlink
degradation calculated in Tables 3 and 4, would increase service area outages by 5%, a noticeable
amount. This is equivalent to decreasing the geographic availability of the Globalstar service by
5%.47 This level of degradation would result in calls failing to be established where they otherwise
would be successful without interference. This degradation has been confirmed by internal
Globalstar network analysis modeling.

46 See Giovanni E. Corazza and Francesco Vatalaro, “A Statistical Model for Land Mobile Satellite Channels and
Its Application to Nongeostationary Orbit Systems,” IEEE Transactions on Vehicular Technology, Vol. 43, No. 3,
August, 1994, Figure 1, p. 739.

47 This reduction in geographic availability would encompass approximately 365,000 sq. km., since the area of
the degraded spot-beams from Table 1 is 7,302,000 sq. km.
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Figure 22: Qualitative lllustration of Impact of Degraded Signal-to-Noise-plus-Interference on
Globalstar Downlink

Figure 22 above illustrates qualitatively the negative impact of degraded signal-to-noise-plus-
interference on the Globalstar downlink, due to outdoor U-NII-1 access point interference to the
MSS feeder uplink. The quality of service of the Globalstar satellite downlink beams is decreased,
and there is an increase in the service outages within the beam footprint. An increase in service
outages is experienced by the user as failed call attempts and dropped calls.

6.6 Real-World Impact on Globalstar Users

Analysis of the satellite traffic handled during actual, prior disaster events that resulted in large
numbers of satellite users demonstrates the likely real-world user impact of interference in the
event of similar catastrophic events, when life-critical emergency communications are needed. For
example, during Hurricane Katrina in 2005, satellite traffic usage was logged at 78% of capacity in
certain spot beams.48 Figure 19 above shows that if the noise rise due to U-NII-1 interference was 7
dB in 5170-5250 MHz (5 dB as measured at the satellite in 5096-5250 MHz), then the number of
simultaneous users would be limited to 75% of satellite capacity, with the result that the number of
simultaneous users logged during Katrina would not have been successfully served. Additional
users beyond 75% of capacity would degrade service for all users, resulting in an increase in
dropped calls, geographic coverage holes, and failed call attempts. Since 2005, the number of voice
and data subscribers on Globalstar’s network has increased. The introduction of new two-way
devices and voice and data services in 2018 will create further subscriber growth, such that traffic
demand in Katrina-type events can be expected to increase beyond the level experienced in 2005.
With peak traffic demand during disaster events expected to be greater than the 2005 level of 78%,
a 5 dB satellite measured noise rise would deny the expected geographic coverage and acceptable

48 “Globalstar LLC-Supplemental Information,” submitted to the FCC by William F. Adler, March 16,2006,
pursuant to a request made at the Hurricane Katrina Independent Panel, Federal Communications
Commission, March 16, 2006.
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service to life-critical satellite users. Figure 17 shows that a 7 dB noise rise due to Wi-Fi access
points (5 dB as measured at the satellite in 5096-5250 MHz) could occur as early as 2021.

7. Impact to Globalstar as a Function of the Number of Wi-Fi Access
Points Deployed and Access Point Duty Cycle

Section 4 described how the number of outdoor U-NII-1 access points increased the noise rise in
Globalstar’s feeder uplink spectrum. Section 6 described how noise rise affected CDMA capacity
and RF power capacity as functions of the noise rise. In this section, the results are merged so that
the degradation to the system is described as a function of the number of APs and their duty cycle.
While Section 4 averaged noise rise for all types of AP antennas, including the omni-directional
stick antenna, a directional panel antenna, and a high gain dish antenna, this section will only
consider degradation from the omni-directional stick antenna. This is the most benign of the three
antennas with respect to interference. The aggregate interference of outdoor U-NII-1 access points
with omni-stick antennas is 3 dB below the aggregate interference computed in Section 4, Table 2
for access points with a mix of antenna types.

7.1 CDMA Capacity Impact
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Figure 23: CDMA Capacity Degradation vs Number of APs

Figure 23 shows the relative CDMA capacity as the number of outdoor APs varies from 62,500 to 16
million. This is the same calculation as in Figure 19. In this case the noise rise in the 5170-5250
MHz band is computed as a function of the number of APs and the duty cycle. All of the curves start
at 1.5% capacity degradation, exceeding the 1% limit from ITU-R Recommendation S.1427. From a
base of one million outdoor access points deployed in 2017 operating at a duty cycle of 10%
(consistent with Globalstar’s noise rise measurements), the degradation will increase to 13% and
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19% in 2022, assuming access point deployments of 4.5 or 6 million, respectively, based on the
NCTA and Cisco reports. For access points with an average duty cycle of 20%, the degradation
would be 25% to 35%, respectively. If ten million outdoor access points operating at a 10% duty
cycle are eventually deployed in the U-NII-1 band, Globalstar would suffer over a 30% degradation
in capacity in the affected spot beams in Figure 4.

7.2 RF Power Capacity Impact

Figure 24 shows the capacity degradation resulting from limitations on the available satellite RF
power, similar to Figure 19 but scaled again according to the number of APs calculated to obtain the
noise rise. The number of APs is calculated according to the power flux density at the satellite
tabulated in Table 2 and graphed in Figure 8 at 100% duty cycle. The minimum degradation shown
in all the curves in Figure 24 is a 1.2% decrease in RF power, exceeding the 1% limit specified by
ITU-R Recommendation S.1427.

From a base of one million outdoor access points deployed in 2017 operating at a duty cycle of 10%
(consistent with Globalstar’s noise rise measurements), the degradation for access points with an
average duty cycle of 10% will increase to 6% and 8% in 2022, assuming deployments of 4.5 or 6
million, respectively, based on the NCTA and Cisco reports. For access points with an average duty
cycle of 20%, the degradation will increase to 10% and 15%, respectively, in the affected spot
beams in Figure 4.
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Figure 24: RF Power Capacity Degradation vs Number of APs
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8. Sources of Noise Rise Other Than Carrier Wi-Fi

In addition to the interference caused by carrier-operated Wi-Fi access points operating in U-NII-1,
other sources of the noise rise, both internal and external to Globalstar, were investigated. Internal
sources are causes of a noise floor increase originating within the Globalstar satellite network.
External sources are causes of interference outside of Globalstar’s MSS system and the components
of that system.

8.1 Sources Internal to Globalstar

Potential internal sources of the noise rise in Globalstar’s feeder uplink spectrum are (1) change in
the noise figure or operating parameters caused by satellite component variation or aging and (2)
diurnal effects on satellite components.

8.1.1 Change in Satellite Components or Noise Figure Increase

Without variation, Globalstar’s measurements show no change in the noise floor while the satellites
are in view of blue ocean or the densely populated area of Europe. These results contrast with
measurements over the United States, where a noise rise is observed. Unless there were
interference sources external to the Globalstar satellite network, it is extremely unlikely that (i) the
noise level measurements for multiple satellites would change over the U.S. but not elsewhere and
(ii) these changes would occur during the course of a single satellite orbit, only minutes before or
after the noise rise is observed over the United States.

Additionally, prior to launch, the components of the Globalstar transponders aboard all its satellites
were accurately characterized for key operating parameters including linearity, bandwidth, and
dynamic range. Provision for re-measuring and verifying component functionality is available while
the satellites are in operation. These measurements, performed on a regular basis, have revealed
that the transponders continue to operate within their designed specifications. Thus, it can be
concluded that Globalstar’s system component operations are not the cause of the noise rise in
Globalstar’s feeder uplink spectrum.

8.1.2 Diurnal Effects on the Satellite

Day-night effects can be ruled out as the cause of changes in the noise floor at the satellites. As
indicated above, Globalstar’s measurements show no change in the noise floor while the satellites
are over blue ocean or over the densely populated area of Europe, while they do show a noise rise
over the United States. Furthermore, the 2014 baseline noise floor measurements were made
during daylight periods on earth.
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8.2 Sources of Noise Rise External to Globalstar

8.2.1 Government Authorized Emitters

8.2.1.1 AeroMACS

The Aeronautical Mobile Airport Communication System (AeroMACS) provides wireless broadband
communications for aircraft while on the ground at airports. AeroMACS is based on the IEEE
802.16e “WiMAX” standard, and is authorized to operate in the frequency band 5091-5150 MHz.49

Although AeroMACS is authorized to operate within Globalstar’s feeder uplink spectrum, there are
currently only two AeroMACS systems in trial operation in the United States, according to the
Federal Aviation Administration (“FAA”): one at San Francisco International Airport and another at
Hopkins International Airport in Cleveland, Ohio.5°

Although we do not know the deployment parameters of the AeroMACS trial systems, the impact of
AeroMACS can be assessed relative to outdoor Wi-Fi by assuming there are four high-power
“macro-cell” base stations transmitting at 32 dBW EIRP (1500 Watts) at each airport, and
comparing the interference generated by eight AeroMACS transmitters to the interference created
by a large population of Wi-Fi access points. With the additional assumption that the antenna
characteristics of the Wi-Fi APs and the AeroMACS base stations are similar, it is seen that eight
AeroMACS transmitters generate the interference power of about 3000 4 Watt EIRP outdoor access
points. The calculations and model in Section 4 above (Figure 8, for example) show that 3000
outdoor access points generate an insignificant noise rise, far below the 1 dB noise rise observed by
Globalstar.

Therefore, it is extremely unlikely that the noise rise levels observed by Globalstar at its satellites
are caused by AeroMACS operations.

8.2.1.2 Unmanned Aircraft Systems (UAS)

The standards for Unmanned Aircraft Systems (“UAS”) are contained in RTCA DO0-362. These
standards provide for control of Unmanned Aircraft Systems in the frequency band 5030-5091
MHz. According to the FAA, there are several near standards-compliant systems being tested, and
testing is being limited to 5030-5040 MHz.51

Because (i) the current UAS operations are outside of Globalstar’s uplink spectrum at 5096-5250
MHz and (ii) the Globalstar satellite receiver front end RF filter significantly attenuates the UAS

49 AeroMACS, WiMAX FORUM, accessed at http://wimaxforum.org/Page/AeroMACS

50 This information regarding AeroMACS was provided to Globalstar by an official at the FAA.

51 This information regarding UAS testing was provided to Globalstar by an official at the FAA on January 10,
2018.
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transmissions that are 50 MHz out-of-band,5? it is extremely unlikely that limited UAS testing is
causing the noise rise observed by Globalstar.

8.2.2 Commercial Sources of External Interference

8.2.2.1 LTE-U and LAA Supplemental Downlink
2017 Assessment

3GPP, the standards body responsible for the LTE terrestrial broadband wireless specification, has
designated Band 46 (which contains the U-NII-1 band) for supplemental downlink operations by
carrier operators.53 Carrier operations in Band 46 utilize either the LTE-U (LTE-unlicensed) or
3GPP based LAA (License Assisted Access) protocols. In the future, Band 46 supplemental downlink
operations will most likely migrate to LAA.5*

The figure below illustrates the overlap between Band 46 and Globalstar’s feeder uplink. The ten 10
MHz LTE channels shown below potentially impact 138 of Globalstar’s 208 user traffic channels on
each satellite and the geographic service area of twelve of the sixteen downlink spot beams.55 As
seen in Figure 4, a significant portion of Globalstar satellites’ service area is potentially impacted by
Band 46 emissions.
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Figure 25: 3GPP Band 46 and Globalstar Feeder Uplink

52 Globalstar Noise Floor Measurement Report.
53 3GPP Release 13, accessable at

5520 MHz LTE channels are also spec1f1ed in 3GPP Release 13.
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To date, AT&T,5¢ Verizon,57 and T-Mobile58 have conducted trials of LTE-U or LAA for supplemental
downlink in the U-NII-1 band. Based on publicly available information for activity in 2017, trial
operations in Band 46 have been limited in duration and geographic scope, occurring in only a few
cities and involving less than 100 base station transmitter sites overall. In addition, these trials
during 2017 utilized not only U-NII-1 spectrum, but also other U-NII frequencies in the 5 GHz band.

For these reasons, Band 46 operations are judged to be insufficient to contribute to the noise rise
observed by Globalstar in 2017 since, as shown in Section 4, tens of thousands of outdoor U-NII-1
transmitters are required to generate even a small noise rise in Globalstar’s uplink.

Future LTE Deployments in U-NII-1

In 2018, several cellular operators have deployed LTE-LAA utilizing Band 46 and announced plans
for additional deployments in the future. AT&T for example, is currently serving four markets with
LTE-LAA (Chicago, Indianapolis, Los Angeles, and San Francisco) and will soon add Boston,
Sacramento, and McAllen, Texas.59 AT&T’s Chicago deployment consists of outdoor cells with
coverage radii of 150-400 feet.® (See Figure 28 in Appendix B.) AT&T plans to deploy 4000 LTE-
LAA sites in 2018-2019 in addition to the 200 already deployed in 2017.61 T-Mobile plans to deploy
25,000 small cell LTE-LAA sites in the future.62

In anticipation of future Band 46 deployments and utilization, the Samsung Galaxy S8 smartphone
is reported as supporting operation in Band 46.63

Band 46 extends from 5150-5925 MHz with the first of four sub-bands corresponding to U-NII-1,
which overlaps Globalstar’s fixed feeder uplink. While it is not known what frequency sub-band or
bands the cellular operators plan to use for LTE, or what fraction of base stations will be deployed
outdoors, future Band 46 LTE-LAA supplemental downlink deployment is a significant concern for
Globalstar. Since supplemental downlinks are used to provide extra capacity needed for
applications such as streaming video and other throughput-intensive applications, LTE-LAA in U-
NII-1 will result in high levels of transmitter utilization, increasing the aggregate interference to
Globalstar’s MSS network beyond that projected if only Wi-Fi usage is considered. Significantly, the

56 See h about.att.com/story/lte licensed a551sted access field trials. htm

58 See h ttps ZZWWW tmonews. com[2017[06[t mobile-laa-testing-Ite-u-rollout/.
59 “AT&T expands ‘4G Evolutlon to 117 new markets adds LAA to 3 markets,” Flerce Wireless, Apr 20,2018,

accessed at https:
laa-to-3-more-markets.
60 “Exclusive: AT&T LTE Hits 537 Mbps in Chlcago " PC Mag, March 29, 2018 accessed at

61 ”AT&T says 6 GHz band key for FirstNet, 5G” accessed at https: waw f1ercew1reless com/wireless/at-t-
says-6-ghz-band-key-for-firstnet-5g.

62 “Speed tests show T-Mobile LAA surpassing 500 Mbps in New York Clty, TmoNews March 5, 2018,

accessed at https: . .

lty[.
63 See https://www.tmonews.com/2017/06/t-mobile-laa-testing-lte-u-rollout/.
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existence of devices in U-NII-1 using the 3GPP LTE standard were not foreseen or taken into
account in the 2014 FCC Report and Order.

8.2.2.2 Wireless Internet Service Provider (WISP) Networks

According to the 2017 Broadband Wireless Association Industry Report, Wireless Internet Service
Providers (WISPs) most commonly use the following frequency bands: 500-700 MHz, 902-928
MHz, 2.4 GHz, 3.55-3.7 GHz, 5.15-5.85 GHz, 28 and 39 GHz.6¢ The report states that the 5 GHz band
is most commonly used by WISPs for fixed point-to-point operations which employ narrow-beam,
highly directive antennas pointed toward the horizon. Given the highly directional nature of these
operations and the relatively small number of WISP base station sites, it is highly unlikely that WISP
operations have materially contributed to the noise rise measured by Globalstar at its satellites.

8.2.3 Consumer Access Points

Since the 2014 FCC order authorizing outdoor and higher-power (4 W EIRP) access points in U-NII-
1, consumer electronics manufacturers have responded with a broad array of devices marketed as
“dual-band” and “tri-band” wireless routers,” which are access points capable of operating in both
the 2.4 GHz band and the 5 GHz unlicensed band (including U-NII-1). Appendix F contains a list of
the “Best Wireless Routers of 2018,” as assessed by PCMAG.65 These routers are identified as being
readily available on the web or in retail outlets. It is seen that all ten routers, ranging in price from
$60 to $412, support IEEE 802.11ac, which requires the capability to operate in the U-NII-1 band
and elsewhere at 5 GHz.

Market research indicates that for the years 2014-2017, 8.95 million 802.11ac wireless routers
capable of operating in U-NII-1 were sold in the U.S.6¢ Although the number of “self-provisioned” U-
NII-1 access points purchased, installed, and operated by consumers is large and these access
points likely contribute to the noise rise observed by Globalstar to some marginal degree, most of
these consumer devices are installed and operated indoors, as indicated by their form factor and
required operating environment. Given the indoor operation of these access points and the fact that
consumer wireless routers also operate in the 2.4 GHz band and on other 5 GHz spectrum, it is
highly unlikely that self-provisioned consumer access points are currently a material contributor to
the noise rise in Globalstar’s feeder uplink spectrum.

8.2.4 Summary of Potential Other Sources of Interference to Globalstar

It is highly likely that the recent noise rise in Globalstar’s feeder uplink spectrum is due to the large
number of outdoor U-NII-1 access points that have been deployed by cable operators around the
United States. It is highly unlikely, meanwhile, that other U-NII-1 equipment and devices deployed

64 2017 Broadband Wireless Industry Association 2017 Report, p. 13, The Carmel Group, accessed at
http://www.wispa.org/Portals/37 /Docs/Press%20Releases /2017 /TCG's 2017 BWA FINAL REPORT.pdf.
65 See Best Wireless Routers of 2018, PCMAG, Feb. 13, 2018, accessed at

https://www.pcmag.com/article2/0,2817,2398080,00.asp.
66 “Global Wireless Router Market: 2017-2023,” Mordor Intelligence, Inc.
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by governmental bodies, other commercial entities, and consumers are material contributors to the
noise rise detected by Globalstar’s measurements in 2017-2018.

9. Conclusions

Interference in the 5170-5250 MHz band in Globalstar’s feeder uplink spectrum has caused a 1 +0.5
dB noise rise in the 5096-5250 MHz band at Globalstar’s satellites, exceeding ITU-R recommended
limits. Governmental, commercial, and consumer U-NII-1 deployments have been investigated as
potential causes of this noise rise. These investigations have resulted in the conclusion that the
noise rise at 5096-5250 MHz can be attributed to cable operators’ deployment of large numbers of
outdoor U-NII-1 access points since 2014. This noise rise will increase further in the future as
additional outdoor U-NII-1 access points are deployed in the United States, as the utilization of
these access points increases, and as other interference sources become more widespread, such as
wireless carrier systems utilizing LTE for supplemental downlink in the U-NII-1 band. The noise
rise at 5170-5250 MHz has caused a decrease in Globalstar CDMA capacity and a decrease in
satellite RF power capacity, both of which exceed ITU-R recommended limits. Both degradations
will become more severe as more outdoor U-NII-1 access points are deployed.

9.1 Impact on Globalstar Operations Caused by Outdoor Wi-Fi Access
Point Deployment

The introduction of interference in the Globalstar feeder uplink due to outdoor U-NII-1 access point
operations destroys the balance between 1) the performance requirements and operational
constraints of RF power transmitted to the user devices; 2) the RF satellite power available for user
communications; 3) the uplink and overall RF signal-to-noise-plus-interference; 4) the geographic
service availability; and 5) user capacity. Globalstar user capacity, geographic service availability,
and call quality performance cannot be maintained with the addition of uncontrolled numbers of
Wi-Fi access points and other emitters such as LTE-LAA in the U-NII-1 band.

The following is a summary analysis of the harm to Globalstar if outdoor deployment of Wi-Fi
access points at 5170-5250 MHz and other devices in U-NII-1 continues:

1. Noise rise on the Globalstar feeder uplink will increase for satellites operating over North
America.
In the U.S. outdoor U-NII-1 access point operations were permitted by the FCC in 2014.
Currently, Globalstar is measuring a noise rise of 2 £0.5 dB over North America on six of the
eight satellites being monitored, with a 1 +0.5 dB on the other satellites, during the daylight
periods.6” The 2 dB noise rise first began to be observed in March, 2017, shortly after the
measurements of a 1 dB rise. The 1 dB noise rise observed in 2017 is consistent with the
interference generated by one million outdoor access points operating in compliance with
FCC regulations and with a busy hour duty cycle of 10%, and is also consistent with the

67 Noise rise values of 1 and 2 dB in 5096-5250 MHz are attributed to noise rise values of 1.8 and 3.3 dB,
respectively, due to the presence of Wi-Fi access points in 5170-5250 MHz.
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interference generated by 500 thousand outdoor access points with a 20% duty cycle. The
deployment of 500 thousand to one million outdoor access points in the 5170-5250 MHz
band is consistent with NCTA’s statement that cable operators had deployed a total of 19.7
million access points in the U.S. as of June 2017 and its statement in October 2016 that 54% of
all cable operators’ deployed access points in the U.S. operate in the U-NII-1 band. With higher
duty cycles, smaller numbers of outdoor access points can generate the observed noise rise.
With industry-forecasted access point growth rates of 35-43% per year, Globalstar by 2022
will likely experience a feeder uplink noise rise between 4.7 dB and 5.8 dB in 5170-5250 MHz
if the average access point duty cycle is 10%. The feeder uplink noise rise will likely be
between 6.9 dB and 8.2 dB in 5170-5250 MHz if the average access point duty cycle is 20%. A
noise rise of 8.2 dB would represent a nearly seven-fold increase in the noise floor,
significantly exceeding the noise level for which the Globalstar system was designed.

2. CDMA capacity and RF power capacity will decrease.

A noise rise in Globalstar’s feeder uplink spectrum degrades the Globalstar satellite-to-
handset downlink at 2.4 GHz, resulting in a reduction of Globalstar user capacity. In 2022, a
5.8 dB noise rise in 5170-5250 MHz caused by 6 million outdoor U-NII-1 access points with an
average duty cycle of 10% would degrade Globalstar CDMA capacity in the geographic regions
served by the affected spot beams by 19%, a significant busy period degradation. A 5.8 dB
noise rise would also degrade Globalstar satellite RF power capacity (and user capacity) by
8% during busy periods, a significant degradation. In 2022, an 8.2 dB noise rise caused by 6
million outdoor U-NII-1 access points with an average duty cycle of 20% would degrade
Globalstar CDMA capacity in the geographic regions served by the affected spot beams by
35%, a significant busy period degradation. An 8.2 dB noise rise would also degrade
Globalstar satellite RF power capacity (and user capacity) by 15% during busy periods, a
significant degradation.

3. Quality of service will degrade.
Degradation of the Globalstar satellite-to-user handset downlink at 2.4 GHz will cause
decreased geographic availability, increased dropped calls, and increased call attempt failures
to Globalstar users.

9.2 Recommendation

Globalstar will suffer substantial degradation to its MSS traffic capacity and satellite power
consumption if an unlimited deployment of outdoor Wi-Fi access points and other emitters such as
LTE-LAA in the U-NII-1 band continues as allowed under current FCC regulations. It is
recommended that the FCC take action to protect Globalstar’s MSS operations and its customers
from harmful aggregate interference from outdoor U-NII-1 access points.

54



@ Roberson and Associates, LLC

Technology and Management Consultants

Appendix A: Urbanized Areas and Expected Access Points

The following tables present a list of the U.S. urbanized areas according to their population area and
geographic area in square miles. A column has been added to indicate the corresponding
geographic area in square kilometers. The number of APs is then calculated from a ratio of 16
APs/km?2. This ratio uses the deployment of wireless access points in Mountain View, California in
2014 as an example of how an unlicensed wireless internet access service could be deployed in an
urbanized area. (We note that in 2017, the Mountain View deployment featured 23 APs/km?2)
These tables also show the number of wireless access points for the top 41 urbanized areas, and the
total number of wireless access points needed to cover the entire US urbanized area. A summary of
these results is tabulated below.

Table A-1. Summary of Urban Density and Number of APs
Continent Urban Urban Area Number
Population APs
North America 249 million 277 thousand sg-km | 4.4 million
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Table A-2. North American Urban Areas

Rank | Urban Area Population Land Land Number
Area Area APs

Sq-mi Sq-km 16/sq-km
1 New York--New ark, NY--NJ--CT 18,351,295 3,450 8,970 143,520
2 Los Angeles--Long Beach--Anaheim, CA 12,150,996 1,736 4,514 72,218
3 Chicago, IL—IN 8,608,208 2,443 6,352 101,629
4 Miami, FL 5,502,379 1,239 3,221 51,542
5 Philadelphia, PA--N]J--DE--MD 5,441,567 1,981 5,151 82,410
6 Dallas--Fort Worth--Arlington, TX 5,121,892 1,779 4,625 74,006
7 Houston, TX 4,944,332 1,660 4,316 69,056
8 Washington, DC--VA—MD 4,586,770 1,322 3,437 54,995
9 Atlanta, GA 4,515,419 2,645 6,877 110,032
10 Boston, MA--NH—RI 4,181,019 1,873 4,870 77,917
11 Detroit, MI 3,734,090 1,337 3,476 55,619
12 Phoenix--Mesa, AZ 3,629,114 1,147 2,982 47,715
13 San Francisco--Oakland, CA 3,281,212 524 1,362 21,798
14 Seattle, WA 3,059,393 1,010 2,626 42,016
15 San Diego, CA 2,956,746 732 1,903 30,451
16 Minneapolis--St. Paul, MN--WI 2,650,890 1,022 2,657 42,515
17 Tampa--St. Petersburg, FL 2,441,770 957 2,488 39,811
18 Denver--Aurora, CO 2,374,203 668 1,737 27,789
19 Baltimore, MD 2,203,663 717 1,864 29,827
20 St. Louis, MO—IL 2,150,706 924 2,402 38,438
21 Riverside--San Bernardino, CA 1,932,666 545 1,417 22,672
22 Las Vegas--Henderson, NV 1,886,011 417 1,084 17,347
23 Portland, OR—WA 1,849,898 524 1,362 21,798
24 Cleveland, OH 1,780,673 772 2,007 32,115
25 San Antonio, TX 1,758,210 597 1,552 24,835
26 Pittsburgh, PA 1,733,853 905 2,353 37,648
27 Sacramento, CA 1,723,634 471 1,225 19,594
28 San Jose, CA 1,664,496 286 744 11,898
29 Cincinnati, OH--KY—IN 1,624,827 788 2,049 32,781
30 Kansas City, MO—KS 1,519,417 678 1,763 28,205
31 Orlando, FL 1,510,516 598 1,555 24,877
32 Indianapolis, IN 1,487,483 706 1,836 29,370
33 Virginia Beach, VA 1,439,666 515 1,339 21,424
34 Milwaukee, WI 1,376,476 546 1,420 22,714
35 Columbus, OH 1,368,035 510 1,326 21,216
36 Austin, TX 1,362,416 523 1,360 21,757
37 Charlotte, NC—SC 1,249,442 741 1,927 30,826
38 Providence, RI—MA 1,190,956 545 1,417 22,672
39 Jacksonville, FL 1,065,219 530 1,378 22,048
40 Memphis, TN--MS—AR 1,060,061 497 1,292 20,675
41 Salt Lake City--West Valley City, UT 1,021,243 278 723 11,565
Total 133,490,862 41,139 106,961 1,711,382
Other Urban Areas 115,762,409 65,247 169,642 2,714,275
Total Urban 249,253,271 106,386 276,604 4,425,658
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Appendix B: Unlicensed Access Point Antenna Parameters

Antenna patterns for wireless LAN access points deployed outdoors can vary depending on antenna
gain and directionality. One typical omnidirectional antenna for outdoor mounts for wireless LAN
applications is illustrated below. The mast is 0.93 m long. The vertical antenna pattern at 5 GHz is
also shown. The gain is 6 dBi at 5200 MHz with 22° of vertical beam width. The side lobes of the
pattern are attenuated about 15 dB.

1]

e

=

A different antenna design is represented by a flat panel antenna intended for directional outdoor
mounts, such as on a wall. This panel is about 31 cm by 18 cm. This antenna has approximately 8
dBi of gain at 5200 MHz and about 15 dB of side lobe attenuation, with a vertical beam width of
approximately 40°.

334642
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A typical example of a directional parabolic dish antenna is shown next. The dish is 87 c¢cm in
diameter. The horizontal and vertical radiation patterns at 5000 MHz are nearly symmetrical with
a gain of 23 dBi, beam width of 9°, and approximately 25 dB of side lobe attenuation.

Interference Power Flux Density Link Budgets

The interference power flux density for the different AP antennas is calculated in the link budget
table below according to the formula for @ in equation E-1a. The calculations are for elevation
angles that obtain the average flux density over all APs in the satellite viewing area as calculated in
equation E-5b. Table B-1 is for information only, to show how representative elevation angles can
obtain flux densities comparable to the calculations in Table 2. The actual calculations in Table 2
were done with equation E-5b.

Table B-1. Interference Power Flux Density for Different Antennas

Omni stick Directional wall panel Directional gain dish
P Watts 1 1 1
Bandwidth MHz 80 80 80
P W/MHz 0.0125 0.0125 0.0125
P dBW/MHz -19.0 -19.0 -19.0
¢ degrees 15.53 35.00 7.78
0 degrees 22.43 12.90 28.04
Gar(g,0) dBi -5.6 -2.2 18.9
Azimuth average dB 0.0 -3.0 -15.6
Gar(e) dBi -5.6 -5.2 3.3
D km 3082 2122 3694
-20 log10(4 = D2) dB -140.8 -137.5 -142.3
® dBW/MHz-m? -165.4 -161.7 -158.1
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Example Access Point Deployment

Figure 26 is an example of outdoor wireless LAN deployment on the Illinois Institute of Technology
campus in Chicago, Illinois.

Figure 26: Outdoor Access Point Deployment, September 2017

The access point antennas are located approximately 6 meters above sidewalk level. While
shadowed to the east, the access point has a nearly clear line of sight in the direction of the photo
over an azimuthal angle of nearly 135 degrees (directly south to northwest.)

Example Mountain View California Deployment

On February 19, 2014 the City of Mountain View and Google announced a new connectivity plan for
residents. Google was providing free, public outdoor Wi-Fi in Mountain View along the downtown
corridor, primarily Castro Street.68 In 2014 RAA calculated an AP density of 16 APs/km?2 from this
deployment. Since 2014 additional deployments have occurred in Mountain View, as shown in a
map in Figure 27. This shows deployment of more than 1100 hotspots within a circle of 3.9 km for
a density of 23 APs/km2. This demonstrates a rapid growth of Wi-Fi deployment without any
restraint.

68 See http://www.mountainview.gov/about/learn/freewifi.asp.
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Figure 27: Hotspots in Mountain View in 2017

Example 2018 Outdoor LTE Deployment in Chicago

Figur 28: LAA Small Cell Site in Chicago®

69 “Exclusive: AT&T LTE Hits 537 Mbps in Chlcago " PC Mag, March 29, 2018 accessed at
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Appendix C: Impact of Access Point Interference on CDMA Downlink
Capacity

C.1 Interference Characterization in the Globalstar CDMA Downlink

In the Globalstar CDMA downlink channels, multiple individual users share the same CDMA channel
within a satellite beam using orthogonal codes. Adjacent satellite downlink beams re-use identical
CDMA channels (frequencies) from beam to beam (single frequency re-use). The downlink capacity
is therefore limited primarily by three factors: 1) the power available in the satellite for distribution
to the individual CDMA users and channels; 2) the co-channel interference in a beam caused by co-
channel CDMA users in adjacent beams; and 3) adjacent-channel interference caused by CDMA
users in the same beam.

Co-channel and adjacent-channel interference scenarios in the Globalstar CDMA downlinks are
illustrated in Figure 29. The roughly trapezoidal-shaped and circular regions are the satellite-to-
mobile user device downlink beams for individual satellites in the Globalstar constellation.
Adjacent channel interference occurs primarily within a downlink beam, while co-channel
interference occurs between adjacent beams and adjacent satellites, as shown in the Figure.

Lol

<—>O<—>

CDMA Co-Channel Interference CDMA Adjacent-Channel Interference

Figure 29: lllustration of Inherent CDMA Downlink Interference

Since the power available at the satellite is fixed, degradation in the overall Globalstar downlink
CDMA channels cannot be remedied without impacting capacity or communication link geographic
coverage reliability. In order to estimate the impact of overall downlink channel degradation on
GLOBALSTAR performance, we assume that the transmit power available at the satellite for the
downlink is fixed. Keeping geographic coverage reliability (geographic availability of coverage to
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the end user) constant, any overall downlink increase in interference due to external sources (for
example, unlicensed access points in the ground station to satellite feeder link) must then be
compensated for by a reduction in the inherent CDMA co-channel and adjacent channel
interference on the downlink. Since the inherent CDMA co-channel and adjacent-channel
interference is directly related to the number of co-channel and adjacent channel users, the capacity
reduction of the Globalstar CDMA downlink can be estimated by calculating the reduction in users
needed to maintain acceptable Eb/(No+lo)er on the downlink, where lo is the resultant total
interference inherent to CDMA, plus the interference due to external sources.
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Appendix D: Geometry of Satellite to Ground Path

This appendix is a brief description of the geometric and trigonometric calculations to determine
path distances and angles between a satellite and a ground location. This appendix also includes
calculations of shadowing effects from buildings and local terrain. The starting parameters are:

Re = radius of the earth = 6371 km

0/

H = satellite altitude above the earth = 141:4 km

The triangle with vertices at the center of the earth, the satellite, and the ground location, has the
following angles:

o = angle at the satellite
¢ = elevation angle at a ground location above the horizon to the satellite
0 = central earth angle (geocentric angle)

The triangle has 2 sides that are known (Re and Re+H), so any angle is sufficient to allow the
calculation of the remaining parts of the triangle. The elevation angle € is most easily measured at a
ground location. The geocentric angle 0 is a convenient variable for calculations over the entire
coverage area of the satellite. The following equations will permit the solution of the triangle parts
given either angle ¢ or 6. Equation D-1 is derived from the sum of angles (in radians) in a triangle,
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less the right angle at the ground location:
T/2=0+e+0 Eq.D-1

The Law of Sines is given in equation D-2.

sinG+e) _ sin(a) _ sin(6)

Re+H Re D

Eq.D-2

Equation D-1 can be used to substitute for a in equation D-2 to obtain an equation relating € and 6.
We can use a trigonometric identity to convert sin(n/2 * x) to cos(x). The result is equation D-3.
This permits the calculation of 6 from g, as given in equation D-4.

A useful limit is obtained with €=0. From equation D-4, 6m(e=0) = cos1(Re/(Re+H)) = 0.6122 rads =
35.1°. The arc length for the angle 0y, is Om Re = 3901 km. The distance to the satellite, Dn=4474 km.

If both 6 and € are known then D can also be calculated by equation D-5.

cos(e) _ cos(B+&) _ sin(6)

Eq. D-3
Re+H Re D
-1 (R
0 = cos™! (LS(S)) —& Om =0(e=0) = 0.6122 rads Eq. D-4
Re+H
_ sin(0)
D=(R,+H) os(e) Eq.D-5

Another way to calculate D is from the Law of Cosines using the geocentric angle 6. With a little
algebra, the result is equation D-6.

Re \? Re
) -2 cos(60) Eq. D-6
Re+H Re+H

D:(Re+H)\/1+(

The relations in equation D-3 can also be used to calculate the elevation angle € from the geocentric
angle 0 and the path distance D. In this case, D can be calculated using equation D-6, and then
equation D-7 can be used to calculate «.

_1 (Re+H
¢ =cos ! (eT 51n(9)) Eq.D-7

The area of the earth surface under the satellite and within geocentric angle 6 is given by equation
D-8. This is the area of a spherical cap with a half-angle 6.

A, = 2mR%(1 — cos(0)) Eq.D-8

The global viewing area under the satellite is A,(0=0n) = 46.3 x 106 km?, or about 9% of the total
earth surface.
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Building Shadows

At low elevation angles the line of sight path from the ground to the satellite is sometimes
interrupted by a building. This is a building shadow. The probability of a building shadow can be
averaged over the area beneath the satellite to attenuate the total interference power from the APs
on the ground. This attenuation is a direct function of the number of buildings (Ny) in the line of
sight path. The calculation of Ny, will use the following parameters.

Dy, = density of buildings per hectare (1 hectare = 104 m2)

Ry = average radius of a building in meters

pb = building density ratio = n Rp2 Dy, / 10%; should be in range 0..1

P» = PDF (probability density function) of building heights

Ch = CDF (cumulative density function) of building heights = foh Py (x)dx

Ny, = average number of buildings to cast a shadow at the elevation angle ¢

Schematic Building Shadow View

\ hp=maximum building height

Xm=maximum integration radius
=hy/tan(g)

To estimate Ny, as a function of elevation angle g, we compute the number of buildings high enough

to cast a shadow per unit of area on the azimuth of the line of sight. The necessary height to cast a

shadow at a distance of x along the ground, and elevation angle ¢ is h(¢)=x tan(¢). The azimuth

angle for the shadow is ¢ where @=sin-1(Rp/x). These relations are illustrated in the elevation and

azimuth views in the figures below.

Azimuth View
Elevation View

Ry
Building | C) S
Height

X e Building

The probability that a building will be high enough to cast such a shadow is the complement of Cy,
or 1-Ch =1 - Cp(x tan(g)). So the incremental probability that such a building is at distance x and the
correct azimuth to cast a shadow is then the product of these expressions with the density of
buildings:
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AProb[building shadow] = 2 Dy, sin{(Rp/x) [1 - Cn(x tan(g))] x dx.
This can then be integrated in equation D-9 with the variable x over the range Ry to infinity to
estimate the number of buildings to cast a shadow.

N, () = fROZ 2D, sin™1 (%) [1— C,(xtan(e))] x dx Eq. D-9

This integral is easy to evaluate numerically for some combination of input parameters. The
complementary CDF function 1-Cn goes to zero for sufficiently large building heights, since
buildings have a practical upper limit on height. This means that the infinite upper limit on the
integral is actually finite in practice, as determined by the limits on height. The upper limit on the

integral is xm=hm cot(g) for the maximum building height hn. This limit is noted in the schematic
building shadow view.

The probability that the line of sight from an AP on the ground to a satellite is shadowed is derived
from Ny by simply observing that when Np>1, the probability of a shadow is unity. In such a case,
the attenuation is estimated from an attenuation factor (shdb), multiplied by Np:

Attenuation in dB = shdb x Ny ; for Np>1

When Ny<1, the probability of a shadow is simply Ny. This is easily expressed with the min()
function:

Prob[shadow] = min(1, Ny(¢)) Eq.D-10
The attenuation from buildings for Ny<1 is summed from the two cases, in-shadow and not-in-
shadow. The attenuation for not-in-shadow is 0 dB. The attenuation in-shadow is shdbxNp.
Attenuation in dB = 10 logio( 1 - N, + Ny 100.1shdbNb )~ for Np<1

In combination with the case for Ny>1 the overall power attenuation factor increases linearly for
0<Np<1 and exponentially for Ny>1. This is shown in the graph for shdb = 25 dB.
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The distribution PDF of building heights, Py, is constructed from a combined discrete and
continuous distribution, pa(h) and z(h) respectively. The discrete distribution models building
heights as discrete stories or floors, spaced some distance apart vertically, such as 3 meters. One
possible distribution of pn would be [8/15, 4/15, 2/15, 1/15] for probabilities at discrete heights of
[3, 6,9, 12] meters, respectively. This models the population of buildings as a distribution from 1 to
4 floors.

The continuous distribution for height, z(h), accounts for local variations in terrain elevations. This
uses some convenient distribution, such as a normal distribution, with a zero mean and a variance
of o2.

—_1 ,-05(h/0)? ;
z(h) ——e Eq.D-11
The overall building height is then the sum of the discrete height distribution pn(h) with the local
terrain elevation z(h).

The final effect in considering building shadows is the height of the ground location for mounting
the antenna. This height is considered to be above the ground, so this is decremented from the
overall building height in the evaluation of the integral for N.

An example of a calculation of Ny(€) for elevation angles from 0 to 30° is given in the figure. This
calculation is for a discrete distribution of building heights from 1 story to 4 stories, 3 meters per
story, with a building density ratio of p,=8% of the land area occupied by buildings, and terrain
variation 6=3m and 3m height for the AP antenna at the ground location. This shows that buildings
will strongly attenuate paths to the satellite below 4° of elevation, while having only slight effects
for elevations higher than 20°.

N, vs Elevation Angle in Degrees
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Appendix E: Power Flux Density of Interference

The power flux density from interference can be calculated at the satellite from a co-channel
interfering transmitter on the ground. The interfering transmitter is modeled with representative
antennas that direct the signal along the ground for terrestrial purposes as described in Appendix
B, while giving some attenuation at elevation angles above the ground. The distance to a satellite
depends on the geometric parameters for the satellite-to-ground path as described in Appendix D.

G(Q)) = Antenna gain function
for directional angles Q=(¢g,0)

e, 691--?\ \

Transmitter Y

Antenna
1m?
Conducted Spherical Area
Power =41 D?

P

The transmitted power flux density, @, is given by equations E-1la and E-1b for a conducted
transmit power output P, directional gain Gar(¢,¢), and a factor for power dissipation over a sphere
of radius D. If P is expressed as a power spectral density in W/MHz, and D is in meters, then @ is in
units of W/MHz-m2. This is converted to dBW/MHz-m? for convenient units of W/MHz and
kilometers.

CD — p GAP(E,QD)

p— Eq. E-1a

® dBW/MHz-m2 =-70.992 + 10 logio(P W/MHz) + Gap(e,9) dB - 20 logio(D km)  Eq. E-1b

For example, for a single transmitter with conducted power output of 1.0 W in a 20 MHz bandwidth,
a directional antenna gain of 23 dBi, at a distance of Dn= 4474 km, the power flux density at the
satellite would be @ =-134 dBW/MHz-m?2. If there were 10 such transmitters placed on the ground
somewhere on a circle of radius 3901 km under the satellite, then the total power flux density
would be -124 dBW/MHz-m?2 to reach the recommended limit of ITU-R S.1426 (2000), and also the
recommended limit in ITU-R S.1432.

The propagation path to the satellite creates a parameter known as the path loss, Ly, customarily
calculated according to equations E-2a and E-2b, for a distance D from the ground location to the
satellite, and a wavelength A=c/f,, for the given carrier frequency f.. This is converted to dB for
convenient units of kilometers and GHz, with ¢=299,792 km/s.
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D\2 2
Ly = (4n2) = (4nf.D/c) Eq. E-2a

Ly, dB =92.448 + 20 logio(fc GHz) + 20 logi1o(D km) Eq. E-2b

G(QY) = Antenna gain function

for directional angles Q=(¢g,0) Receiver
| Antenna
Transmitter Y a i
Antenna | Q Pr

A=)%/(4m)

The Friis transmission equation connects the conducted transmit power into a transmitter antenna,
Pr, with gain Gr, to the conducted receiver power, Pg, out of a receiver antenna with gain Gr and the
path loss L, as in equation E-3a. This can be adjusted to use the power flux density at the receiver,
®r in equation E-3b. This leads to equation E-3c to connect the flux density at the receiver with
antenna gain Gr. To connect system noise to power flux density we equate the receiver power to k
T B for Boltzmann'’s constant, absolute temperature, and bandwidth, respectively. This leads to the
system noise power flux density at the receiver in equation E-3d.

Pr=PrGrGr/ Lp=PrGrGr (A / (4 n D))? Eq. E-3a
®g = Pr Gr / (4 n D?) Eq. E-3b
Pp = @g Gr 2/(41) =k T B Eq. E-3c
Droise =4 Tk TB / (GrA2) Eq. E-3d

For k=1.3806 x 10-23 J/K, T=298°K, B=1.0 MHz, Gr=2.36 (for 4 dBi gain), and A=5.765 cm (f.=5.2
GHz), we obtain the system noise power flux density in equation E-3e. This is also used in equation
1.

(Dnoise = '111.8 (:1BW/1\/‘[I-IZ'I‘1’12 Eq. E'3e

The noise rise at the satellite receiver can be calculated by comparing the ® in equation E-1 with
the ®yoise given in equation E-3e.
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Average Interference Power Flux Density

Terrestrial Wi-Fi access point systems include Access Point (AP) transmitters distributed on the
ground. A simple calculation of average interference power flux density from APs can start with a
uniform distribution on the ground. Each AP uses a transmit antenna with some antenna gain
pattern G relative to an isotropic source, usually given in dBi as a function of elevation angle (¢) and
azimuth angle. Representative gain patterns are shown in Appendix B.

satellite

The calculation of average power flux density at the satellite for an AP antenna anywhere on the
ground in area X, with conducted power P, antenna gain G(€2), building shadow function Shadow(g),
and satellite distance D(0), can be found by integrating the @ function of equation E-1, multiplied by
a Shadow function, over the area X and then dividing by the area X (see equation D-8 for A,). This is
shown in equation E-4.

.P G(2) Shadow(¢)
_ poewaa s ipez 94

Cbavg T Ap(6m)  2mRZ(1-cos(6))

Eq. E-4

If we expand the area integral into separate integrals over geocentric angle 6 and azimuth angle ¢
we obtain equation E-5a. We average over the azimuth angle ¢ to reach the equation with a single
integral over geocentric angle 6 in equation E-5b. The factors of 2 ©n Re? cancel for some
simplification.

1 (O 2 .
Dy = A—ofo Jy " ®(Q) RZsin(6) do de Eq. E-5a
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OmP G(g) Shadow(g)

. 2R (Om . __Jo 41D (0)2
Dppg = o J, " @(e)sin(0) db = F——

sin(0)de

Eq. E-5b

The average over the azimuth angles includes an average for the antenna gain G(Q2) over the
azimuth angle to result in a simplified average gain as a function of the elevation angle G(g¢). For
omni directional antennas such as the vertical stick antenna in Appendix B, this average is already
provided in the gain function.

Appendix D shows the calculation of the elevation angle, ¢, as a function of the geocentric angle 6 for
all ground locations within view of the satellite. For a satellite in orbit at 1414 km, the radius on the
ground of the viewing area under the satellite is 3901 km. The elevation angle above the local
ground horizon can decrease to 0° at the edge of the satellite view of the ground, i.e.,, anywhere on a
circle of radius 3901 km centered under the satellite. The limit for the geocentric angle for the
viewing area is 6,,=35.1°, as is shown in Appendix D equation D-4.

The Shadow(¢) function accounts for building shadows at low elevation angles. This is discussed in
Appendix D. For some AP applications, such as point-to-point links, the building shadow function
will not be a factor since point-to-point links are designed to propagate over paths free of any
obstacles.

The integral for @, in equation E-5b is easily computed numerically by integration methods such
as Simpson’s Rule, Romberg integration, or Gaussian quadrature. For non-trivial Shadow functions,
the evaluation of Shadow(e) requires another numerical integration in equation D-9 that is also
easily calculated. The result for @, is the average interference power flux density at the satellite
from any terrestrial Wi-Fi access point transmitter randomly distributed within the viewing area of
the satellite. This can then be multiplied by the total number of Wi-Fi access point transmitters to
reach a total average interference power flux density and a resulting noise rise at the satellite.
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North American Continental Land Mass Considerations

The primary abstraction for the calculation of interference power flux density at the satellite is that
the interfering Wi-Fi access point transmitters are uniformly distributed over the land surface
within the viewing area of the satellite. As calculated in Appendix D equation D-8, that area is very
large: about 9% of the total earth surface. This part of the Appendix will compare that area with
some continental areas and determine the impact on the abstract calculation method.

For North America, a convenient and perhaps arbitrary central point on the ground is determined
as a target for calculation. For North America the chosen central point was Lebanon in Smith
county, Kansas at latitude, longitude of 39.8333°N, 98.5855°W. Then the satellite orbits are plotted
for a day to determine the closest satellite to the ground center point for each instant in time. The
satellite orbits include the effects of the earth rotation so that every satellite in every orbital plane
is swept past the ground center point. Statistics are then tracked for the ground distance between
the ground center point and the nearest satellite at every instant in time. As might be expected, the
nearest satellite could be several degrees away from the ground center point.

Ground distances are measured in this process along great circle arcs, and they are given as angles
(degrees are the convenient unit). A degree of latitude is about 111 km on the earth’s surface. The
reader should note that at higher latitudes, such as in Canada, a degree of longitude is quite a bit
less distance on the ground than a degree of latitude. At the pole, of course, a degree of longitude
diminishes to 0 km.

North America is shown as a projection from Google Earth at an altitude of 11,000 km, centered at
the chosen ground center. Then a circle of radius 35.1° or 3901 km is drawn in yellow to represent
the viewing area of a hypothetical satellite. Another smaller red circle is drawn to represent the
region of possible satellite locations that are nearest to the ground center. The radius of the red
circle is calculated from satellite orbital positions over a 24-hour interval.
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North American Continent

\

- Google-earth

For North America, the satellite viewing area (yellow circle) extends beyond the continent shore
line into both the Atlantic and Pacific oceans. The red circle shows possible satellite locations near
the center of the continent. Any satellite within the red circle will receive interference from either
continental shore or any urban area in North America (excluding Alaska). From the satellite view
point, each interference transmitter is averaged over an area given by the red circle. In essence, the
continental land area is convolved with a circular region equivalent to the red circle to approximate
the total view area given by the yellow circle. This is represented by an average over the yellow
region.
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Appendix F. Best Wireless Routers of 2018”°

Product Lowest Price | Wireless Specification 5 GHz U-NIl-1
Capable
D-Link AC1200 Wi-Fi Router (DIR-842) $59.93 302 11ac Yes
Linksys EAG350 AC1200+ Dual-Band Smart Wi-Fi___ $79.97 802.1Mac Yes
TP-Link Archer CT AC1750 Wireless Dual Band G... $89.96 802 11ac Yes
Trendnet AC2600 StreamBoost MU-MIMO WiF1 Router $109.97 502 11ac Yes
Synology Router RT2600ac $194.99 G02.11ac Yes
Asus RT-ACSE6U AC2900 Router $233.00 802.1Mac Yes
Linksys WRT32X Wi-Fi Gaming Router $248.00 802 11ac Yes
TP-Link Talon AD7200 Multi-Band Wi-Fi Router $295.99 802 11ac, 802 11ad Yes
D-Link AC5300 Ultra Wi-Fi Router (DIR-895L/R) 532269 502 11ac Yes
Metgear Mighthawk X10 AD7200 Smart WiFi Route._ 5412 99 302 11ac, 802.11ad Yes

70 Excerpted from Best Wireless Routers of 2018, PCMAG, Feb. 13, 2018 accessed at
https://www.pcmag.com/article2/0,2817,2398080,00.asp.
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Appendix G. Chicago Area 5 GHz Drive Test

RF measurements were recorded using a portable spectrum analyzer connected to an omni-
directional 10 dBi gain antenna mounted on top of a van. RF power spectral density (PSD) scans
were continuously recorded while the vehicle was driving in a northwest suburb of Chicago, over a
period of 45 minutes at normal driving speeds. The red plot in Figure 30 below illustrates the
output of the spectrum analyzer displayed in “peak hold” mode, that is, the peaks of the RF power
encountered during the drive test were recorded. The plot clearly shows that there were no signals
observed below 5170 MHz. However, significant power was observed in the frequency band 5170-
5250 MHz where Wi-Fi IEEE channels are located, indicating the presence of RF transmitters in this
region. Figure 31 shows the drive test route.
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Figure 30: Spectrum Analyzer Plot 5 -5.25 GHz

Figure 31: Drive Test Route, Schaumburg, IL
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Appendix H: Company Profile

Profile: Roberson and Associates, LLC
Roberson and Associates, LLC, is a technology and management consulting company with

government and commercial customers that provides services in the areas of RF spectrum
management, RF measurements and analysis, and technology management. The organization was
founded in 2008 and is composed of a select group of individuals with corporate and academic
backgrounds from Motorola, Bell Labs, IBM, IITRI (now Alion), independent consulting firms, and
the Illinois Institute of Technology. Together the organization has over 400 years of the high
technology management and technical leadership experience with a strong telecommunications
focus.

Profiles: Roberson and Associates, LLC, Staff
Dennis A. Roberson, President and CEO, Roberson and Associates
Mr. Roberson is the Founder, President and CEO of Roberson and Associates, LLC. In parallel with

this role he serves as Vice Provost for Research and Research Professor in Computer Science at
Illinois Institute of Technology where he has responsibility for IIT’s corporate relationships
including IIT’s Career Management Center, Office of Compliance and Proposal Development, Office
of Sponsored Research and Programs, and Technology Transfer efforts. He also supports the
development and implementation of IIT’s Strategic Plan, the development of new research centers,
and the successful initiation and growth of IIT related technology-based business ventures. He is an
active researcher in the wireless networking arena and is a co- founder of IIT’s Wireless Network
and Communications Research Center (WiNCom). His specific research focus areas include dynamic
spectrum access networks, spectrum occupancy measurement and spectrum management, and
wireless interference and its mitigation and of which are important to the Roberson and Associates
mission. He currently serves on the governing and / or advisory boards of several technology-based
companies. Prior to IIT, he was EVP and CTO at Motorola and he had an extensive corporate career
including major business and technology responsibilities at IBM, DEC (now part of HP), AT&T, and
NCR. He is and has been involved with a wide variety of Technology, Cultural, Educational and
Youth organizations currently including the Federal Communications Commission Technical
Advisory Council and Open Internet Advisory Committee, the Commerce Spectrum Advisory
Committee, and the National Advisory Board for the Boy Scouts of America and its Information
Delivery Committee, and the Board of HC]JB Global. He is a frequent speaker at universities,
companies, technical workshops, and conferences around the globe. Professor Roberson has BS

degrees in Electrical Engineering and in Physics from Washington State University and a MSEE degree from
Stanford.

Kenneth J. Zdunek, Ph.D. -V.P. and Chief Technology Officer
Dr. Zdunek is Vice President and the Chief Technology Officer of Roberson and Associates. He has

35 years of experience in wireless communications and public safety systems. Concurrently he is a
research faculty member in Electrical Engineering at the Illinois Institute of Technology, in Chicago,
[llinois, where he conducts research in the area of dynamic spectrum access and efficient spectrum
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utilization, and teaches a graduate course in wireless communication system design. He is a Fellow
of the IEEE, recognized for his leadership in integrating voice and data in wireless networks. Prior
to joining Roberson and Associates, he was VP of Networks Research at Motorola, a position he held
for 9 years. Dr. Zdunek was awarded Motorola’s patent of the year award in 2002 for a voice-data
integration approach that is licensed and extensively used in GSM GPRS. He holds 17 other patents,
included patents used in public safety trunked systems and cellular and trunked systems roaming.
He directed the invention and validation of Nextel’'s iDEN™ voice-data air interface and IP based
roaming approach, and was the principal architect of Motorola’s SmartNet™ public safety trunking
protocol suite. In the 1990’s, he directed a Spectrum Utilization and Public Safety Spectrum Needs
Projection submitted to the FEDERAL COMMUNICATIONS COMMISSION in support of the 700 MHz
spectrum allocation for Public Safety. He was awarded the BSEE and MSEE degrees from
Northwestern University, and the Ph.D. EE degree from the Illinois Institute of Technology. He is a
registered Professional Engineer in the State of Illinois. He is past president, and on the board of
directors of the Chicago Public Schools Student Science Fair, Inc.

Roger Peterson, Ph.D., Senior Principal Investigator

Roger Peterson is a Lifetime Fellow of the IEEE and co-author of four text books on digital
communications and spread spectrum technology. He has more than 30 years of experience in
digital communications technology and has served as associate editor for spread spectrum for the
IEEE Transactions on Communications. Prior to joining Roberson and Associates he was a Fellow of
the Technical Staff at Motorola Labs where, most recently, he was responsible for system-level
capacity analysis of relay-assisted WiMax systems. He is the author of numerous technical papers
and holds six issued US patents. He received the BS, MS, and PhD degrees in electrical engineering
from the Illinois Institute of Technology.

Alan Wilson, Principal Engineer III

Mr. Wilson joined Roberson and Associates in 2016 and has 40 years’ experience in the
Telecommunications industry. Mr. Wilson worked at Motorola to develop the Astro product line
that supports the Project 25 radio standards suite. This became a $6 billion business for Motorola
that has continued to diversify beyond the original market for public safety and mission-critical
radios. Mr. Wilson authored dozens of standards for the P25 standards suite that were published by
the Telecommunications Industry Association (TIA). He moved to Tyco Electronics and later Harris
Corporation to continue to work on P25 standards for Phase 2 to double the spectrum efficiency
with Time Division Multiplexing Access (TDMA). After the launch of Phase 2, Mr. Wilson chaired the
wide band data committee to begin working on the Mission Critical Push to Talk (PTT) standards
for 3G PTT and Long Term Evolution (LTE) through a joint project with Alliance of
Telecommunications Industry Solutions (ATIS). The joint project is known as Joint Land Mobile
Radio Long Term Evolution (JLMRLTE), and it intends to interconnect private Land Mobile Radio
(LMR) radio systems with LTE telephone systems to provide encrypted digital voice and data
services across networks. Mr. Wilson has been an inventor on 27 patents and an author of several
publications by the Telecommunications Industry Association (TIA) and Project 25 Technology
Interest Group. Mr. Wilson earned his Bachelor of Science in Electrical Engineering from
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Massachusetts Institute of Technology a Master of Science in Electrical Engineering from Illinois
Institute of Technology.

78



	In the 2014 5 GHz Order, the Commission adopted a subset of Globalstar’s proposed safeguards.  While the Commission decided to permit outdoor U-NII-1 operations in the United States and raise their power limit, it established an antenna requirement li...
	The Commission also adopted a reporting requirement for any entity deploying more than one thousand outdoor U-NII-1 access points in the United States.  Such parties must file a letter with the Commission acknowledging that, “should harmful interferen...
	Importantly, though, the Commission reaffirmed that Globalstar’s licensed MSS operations are protected against harmful interference from unlicensed operations and said that it would continue to monitor developments in the U-NII-1 band.  The Commission...
	Despite what appears to be an expansive U-NII-1 roll-out nationwide, only four entities – Comcast Corporation (“Comcast”), Altice USA (previously Cablevision Systems Corporation), Vivint, Inc. (“Vivint”), and Rise Broadband (“Rise”) – have filed lette...
	IV. Globalstar Has Measured a Significant Increase in the 5.1 GHz Noise Level
	Roberson Report - Impact_Outdoor_WiFi FINAL 052118.pdf
	Summary
	1. Introduction
	2. Globalstar Overview and Feeder Uplink Interference Scenario
	2.1 Globalstar Architecture
	2.2 Globalstar Feeder Uplink Interference Scenario
	Figure 1: Globalstar Interference Scenario
	Figure 2: Globalstar Gateway Uplink Satellite Footprints for North America3F

	2.3 Globalstar and Wi-Fi Access Point Frequency Plans
	Figure 3:  Globalstar Frequency Plan and U-NII-1 Band Interference Scenario
	Figure 4: Satellite Downlink Spots, with Area Degraded by Uplink Interference Shaded
	Figure 5: Feeder Uplink CDMA Groups
	Table 1. Satellite Downlink Spot Beam Areas



	3. Noise Rise Measured by Globalstar
	3.1 Example Noise Rise Measurement on Globalstar Uplink
	Figure 6: Power at Input to S-Band Amplifiers, Illustrating Noise Rise Over U.S.

	3.2 Evidence That Satellite Noise Rise is Due to Wi-Fi Interference in 5170-5250 MHz

	4. Analysis of Noise Rise in the Feeder Uplink Due to Wi-Fi Access Point Deployment
	4.1 Interference Model
	4.1.1 Unlicensed Wi-Fi Access Point Characteristics
	4.1.2 Interference Model
	Table 2. Average Power Flux Densities for Different Access Point Antennas

	4.1.3 Noise Rise Results
	Figure 7:  Average Interference Power Flux Density
	Figure 8:  Noise Rise in 150 MHz Uplink for Number of APs (mix of antenna types)
	Figure 9:  Noise Rise vs. Interference Power Flux Density
	Figure 10:  Noise Rise Contours for APs with Omni Stick Antennas
	Figure 11: (C/N)total for Interference to Noise Ratio



	5. Comparison of Predicted, Measured, and Future Noise Rise (Interference)
	5.1 Number of Unlicensed Access Points Deployed in 2017
	5.2 Noise Rise in 5170-5250 MHz and Comparison of Predicted and Measured Noise Rise
	Figure 12:  Noise Rise Contours for Measured Noise Rise

	5.3 Predicted Noise Rise in Affected CDMA Channels
	Figure 13: Average Interference Power Flux Density for Omni-Stick Antenna
	5.3.1 Comparison of Predicted and Actual Noise Rise in 5170-5250 MHz
	Figure 14: Noise Rise in 5170-5250 MHz versus Number of Outdoor APs and Duty Cycle

	5.3.2 Relationship of Noise Rise to Number of Access Points and Their Duty Cycle
	Figure 15: Noise Rise Contours in 5170-5250 MHz for Omni-Stick Antennas

	5.3.3 Forecast of Future Interference and Noise Rise Increases
	Figure 16: Projected U-NII-1 Access Point Growth, 2017-2022 for Base of One Million
	Figure 17: Projected Noise Rise Increase, 2017-2022, Due to Access Point Growth



	6. Operational Impact to Globalstar by Noise Rise in the Feeder Uplink
	6.1 Assessment of Interference Effects
	6.2 Relationship Between Uplink and Downlink Degradation
	Figure 18: Downlink Degradation Due to Uplink Noise Rise

	6.3 Impact on Globalstar CDMA Capacity
	6.3.1 Approach
	Table 3. Globalstar CDMA Parameters
	Figure 19: Relative Globalstar CDMA Capacity in Spot Beams 0-7 as a Function of Uplink Noise Rise Due to Aggregated Wi-Fi access point Interference, 2017-2022


	6.4 Impact on Satellite RF Power Capacity Available
	Table 4. Impact of Access Point Interference on Satellite RF Power
	Figure 20: Degradation in Satellite RF Power Available to Users Due to Access Point Interference
	Figure 21: Relative RF Power Capacity Due to Power Consumed by Wi-Fi Access Point Interference

	6.5 Impact on Globalstar Geographic Service Availability
	Figure 22: Qualitative Illustration of Impact of Degraded Signal-to-Noise-plus-Interference on Globalstar Downlink

	6.6 Real-World Impact on Globalstar Users

	7. Impact to Globalstar as a Function of the Number of Wi-Fi Access Points Deployed and Access Point Duty Cycle
	7.1 CDMA Capacity Impact
	Figure 23: CDMA Capacity Degradation vs Number of APs

	7.2 RF Power Capacity Impact
	Figure 24: RF Power Capacity Degradation vs Number of APs


	8. Sources of Noise Rise Other Than Carrier Wi-Fi
	8.1 Sources Internal to Globalstar
	8.1.1 Change in Satellite Components or Noise Figure Increase
	8.1.2 Diurnal Effects on the Satellite

	8.2 Sources of Noise Rise External to Globalstar
	8.2.1 Government Authorized Emitters
	8.2.1.1 AeroMACS
	8.2.1.2 Unmanned Aircraft Systems (UAS)

	8.2.2 Commercial Sources of External Interference
	8.2.2.1 LTE-U and LAA Supplemental Downlink
	Figure 25: 3GPP Band 46 and Globalstar Feeder Uplink

	8.2.2.2 Wireless Internet Service Provider (WISP) Networks

	8.2.3 Consumer Access Points
	8.2.4 Summary of Potential Other Sources of Interference to Globalstar



	9. Conclusions
	9.1 Impact on Globalstar Operations Caused by Outdoor Wi-Fi Access Point Deployment
	9.2 Recommendation

	Appendix A: Urbanized Areas and Expected Access Points
	Table A-1. Summary of Urban Density and Number of APs
	Table A-2. North American Urban Areas

	Appendix B: Unlicensed Access Point Antenna Parameters
	Interference Power Flux Density Link Budgets
	Table B-1. Interference Power Flux Density for Different Antennas

	Example Access Point Deployment
	Figure 26: Outdoor Access Point Deployment, September 2017

	Example Mountain View California Deployment
	Figure 27: Hotspots in Mountain View in 2017

	Example 2018 Outdoor LTE Deployment in Chicago
	Figure 28: LAA Small Cell Site in Chicago68F


	Appendix C:   Impact of Access Point Interference on CDMA Downlink Capacity
	C.1 Interference Characterization in the Globalstar CDMA Downlink
	Figure 29:  Illustration of Inherent CDMA Downlink Interference


	Appendix D: Geometry of Satellite to Ground Path
	Building Shadows

	Appendix E: Power Flux Density of Interference
	Average Interference Power Flux Density
	North American Continental Land Mass Considerations
	North American Continent

	Appendix F. Best Wireless Routers of 201869F
	Appendix G. Chicago Area 5 GHz Drive Test
	Figure 30: Spectrum Analyzer Plot 5 -5.25 GHz
	Figure 31: Drive Test Route, Schaumburg, IL

	Appendix H: Company Profile

	5 GHz Noise Floor Measurement Description and Current Results FCC 052118.pdf
	Summary
	Introduction
	1.0 Globalstar 5 GHz Characterization and Test System Description
	1.1 5 GHz Forward Link Spectrum Description
	1.2 Satellite Forward Link Transponder Description
	1.2.1 C/S Forward Link Transponder - S-band Power Amplifier Section
	1.2.2 C/S Transponder Band-Pass Filtering
	1.2.2.1   C-band Input Filter
	1.2.2.2   C-Band IMUX Beam Filters
	1.2.2.3   C / S  Down Converter Filtering
	1.2.2.4   Globalstar Second Generation Satellite Gain Transfer Performance


	2.0 Clifton Ground Station IOTE System Description
	3.0 5 GHz Noise Floor Characterization and Monitoring Methodology
	3.1 Development of the Ground-to-Space Uplink Calibration Procedure
	3.1.1 Noise Floor Calibration Measurement Definition

	3.2 5 GHz Noise Floor Measurement Database Establishment
	4.1 Scheduling of Daytime Interruptions of Ground Station Operations
	4.2 Implementation of Ground Station Interruptions
	4.3 Long Term Monitoring of the Globalstar Constellation 5 GHz Noise Floor

	5.0 Additional 5 GHz Noise Floor Monitoring Locations
	5.1 5 GHz Noise Level Over Blue Ocean
	5.2 5 GHz Noise Floor Measurements Over Europe
	5.3 5 GHz Night-Time Noise Floor Measurements Over Lincoln, Kansas
	5.4 5 GHz Daytime Noise Floor Measurements Over Australia

	Appendix A
	5 GHz Noise Floor Measurement Results Data
	5 GHz Measurement Results Description
	Satellite Transponders Reporting a 1.0 dB, +/- 0.5 dB Increase in 5 GHz Noise Floor
	Satellite Transponders Reporting  a 2.0 dB, +/- 0.5 dB Increase in 5 GHz Noise Floor

	5 GHz Noise Floor Project Current Status
	Description of the Individual Satellite Timeline Charts
	Description of the 5 GHz Daytime Measurement Charts
	Description of the Blue Ocean Charts

	Individual Satellite C/S Transponder Noise Floor Measurement Details



